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S tu d ies  on Two C on stitu en ts o f E la s t ic  T issu e ! 
B ia s t in  and the M ic r o f ib r illa r  Component
A th e s is  presented  by J.M. F ie ld  to  the  
U n iv er s ity  o f S t . Andrews in  a p p lic a tio n  
fo r  the Degree o f Doctor o f Philosophy.
A bstract
S ectio n  A; In so lu b le  e la s t in  was is o la te d  from bovine aorta  and ligamentum  
nuchae by the use o f guanidine and d ith io t h r e i to l  in  conjunction  w ith  
co lla g en a se , p u r ifie d  by a f f in i t y  chromatography. The preparations were fr e e  
from carbohydrate and ex h ib ited  amino ac id  com positions s im ila r  to  th a t o f  
a lk a l i -p u r if ie d  e la s t in ,  w ith  the excep tion  o f the con cen tration  o f some 
p olar amino acid  r e s id u e s . W-terminal a n a lyses in d ica ted  a very low le v e l  o f  
polyp ep tid e chain damage in  the p rep aration s. Upon m ild a lk a lin e  treatm ent 
g ly c in e  was s e le c t iv e ly  lib e r a te d  as amino-end group.
E la s t in  from ligamentum nuchae was examined by e lec tro n  microsoopyj 
X-ray d if f r a c t io n ,  o p t ic a l  p o la r isa t io n  a n a ly s is  and dynamoraetry. I t  i s  
suggested  th a t e la s t in  f i b r i l s  c o n s is t  o f  a la t e r a l  array o f  primary filam en ts*
S ectio n  B: The m ic r o f ib r i l la r  component o f ad u lt bovine ligamentum nuohae
was is o la te d  by s o lu b i l i s a t io n  in  g u a n id in e -d ith io th r e ito l fo llow ed  by 
S-carboxym ethylation and treatm ent w ith  co lla g e n a se . The amino acid  
com position o f the m ateria l was a t variance to  those p rev io u sly  reported  for  
s im ila r  p rep aration s. N -term inal a n a ly s is  revea led  g ly c in e  as the on ly  end- 
group, a t a con cen tration  o f 65«9 m oles/lO ^g o f p ro te in . This v a lu e , 
corresponding to a m olecular w eight o f about 19,000 d a lto n s , was in  good 
ytgreement w ith  the r e s u lt s  o f sed im entation  equilibrium  a n a ly se s .
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T able 1 ( l ) /
E l a s t in  i s  a w id esp read  s t r u c t u r a l  p r o te in  which e x h ib i ts  
some rem arkab le  p h y s ic a l  p r o p e r t i e s ,  th e  m ost obvious and s t r i k i n g  
of w hich is  i t s  a b i l i t y  to  s u s ta in  la r g e  defo rm ations w ith o u t 
ru p tu re  and to  r e v e r t  sp o n tan eo u s ly  to  i t s  o r ig i n a l  c o n d itio n  when ^
te n s io n  i s  r e le a s e d .
E la s t in  occurs to g e th e r  w ith  c o lla g e n  in  a lm ost a l l  anim al 
co n n e c tiv e  t i s s u e s ,  b u t i n  m ost o f th e se  i t  i s  p re s e n t  on ly  as 
a m inor component, When th e r e  i s  a need f o r  e l a s t i c  e x te n s io n  
and re c o v e ry , a s ,  f o r  in s ta n c e  in  th e  w a ll  o f th e  l a r g e  a r t e r i e s  
o r th e  lig a m e n t w hich su p p o r ts  th e  head o f ru m in a n ts , e l a s t i n  
com prises th e  g r e a te r  p a r t  o f th e  s t r u c t u r e ,  up to  60 o r 70^  
of th e  dry-weighU o f th e  t i s s u e  (1 ) .  E l a s t in  has a ls o  been id e n t i ­
f i e d ,  both  h i s t o l o g i c a l l y  and c h e m ic a lly , as a  p rom inen t component
of th e  i n t e r c e l l u l a r  m a tr ix  in  a  ty p e  o f c a r t i l a g e  w hich i s  :g
' ^r e s t r i c t e d  in  i t s  an a to m ic a l lo c a t io n  ma in ly  to  th e  e p i g l o t t i s ,  ^
; i l
e x te r n a l  e a r  and c a r t i la g e n o u s  pharan g ea l-ty m p an ic  tu b e . However, ^
s in c e  th e  i s o l a t i o n  of th e  p r o te in  from c a r t i la g e n o u s  so u rces  p re s e n ts  • ' 
s p e c ia l  d i f f i c u l t i e s ,  m ost b io ch em ica l in v e s t ig a t io n s  have been |
jmade on e l a s t i n  from  th e  tu n ic a  m edia of la rg e  a r t e r i e s  and th e  J
ligam entum  nuchae o f la r g e  ru m in a n ts , from which th e  p r o te in  i s  Ï
more e a s i l y  i s o la te d .
T able 1 ,  beln ,v , r e p o r ts  th e  c o n te n t o f e l a s t i n  in  v a r io u s
t i s s u e s .
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E la s t ic  t i s s u e  occurs  in  two main s t r u c t u r a l  forms depending  
upon i t s  a n a to m ic a l lo c a t io n .  In  lig a m e n t, s k in  and lo o s e  
co n n e c tiv e  t i s s u e  i t  i s  p r e s e n t  as f ib r e s  w h ile  in  th e  w a lls  o f  
b lood  v e s s e ls  i t  e x i s t s  in  th e  form  o f lamella^; Both f ib r e s  
and la m e lla e  a re  c o n s t i tu te d  by f i b r i l s  w h ich , as re v e a le d  by 
e le c tro n  m icro sco p y , a re  embedded in  an amorphous m a tr ix  i n  c lo s e  
a s s o c ia t io n  w ith  c o lla g e n  (2 ) . I t  i s  t h i s  in t im a te  r e la t io n s h ip  
between e l a s t i n  and o th e r  m acrom olecules t h a t  re n d e rs  th e  is o la - tio n  
of tlie p r o te in  so  d i f f i c u l t ,  p a r t i c u l a r l y  as bo th  c o lla g e n  and 
e l a s t i n  a r e  in s o lu b le  in  th o se  s o lv e n ts  Vt/hich a re  n o rm a lly  employed 
fo r  th e  e x t r a c t io n  of t i s s u e  p r o te in s .
M ature
3 .
M ature e l a s t i n  e x h ib i ts  i t s  c h a r a c t e r i s t i c  h ig h  d eg ree  o f 1
i a s o l u b i l i t y  by v i r t u e  of i t s  h ig h  c o n te n t of c o v a le n t c r o s s -  t
l i n k s .  The s t r u c tu r e s  of th r e e  o f th e s e  c r o s s - l i n k s ,  namely q
desm osine, isodesm osine  and ly s in o n o r le u c in e  a re  shown i n  F ig u re  1
1 , Desmosine and isodesm osine  a re  d e s ig n a te d , r e s p e c t iv e ly ,  as ^
and 1 ,2 ,3 ,5 ,  -  t e t r a  s u b s t i tu t e d  pju’id in iu m  s a l t s  (3 ,4 )*
They e x h ib i t  a c h a r a c t e r i s t i c  u l t r a v i o l e t  a b s o rp tio n  spectrum  
w ith  a maximum a t  275 nm ( f ) .  The ch a in  a t  p o s i t io n  1 on th e  
p ju 'id in ium  r in g  c o n ta in s  s i x  carbon atoms in  bo th  isom ers (4 ,5 )  
w h ile  th e  le n g th  o f  th e  o th e r  th r e e  s id e  ch a in s  depends upon 
th e  p o s i t io n  o f  s u b s t i t u t i o n ,  E>:amination o f th e  s t r u c t u r e  o f 
desm osine and isodesm osine  shows them to  be p o t e n t i a l l y  cap ab le  
o f u n i t in g  up to  fo u r  p o ly p e p tid e  c h a in s ,  as each s id e  ch a in  
c a r r i e s  bo th  a ca rb o x y l and an (x -  amino group . I t  would M
app ear t h a t  th e  d e g re e  o f c r o s s - l in k in g  of e l a s t i n  may be s i g n i ­
f i c a n t l y  d i f f e r e n t  in  v a r io u s  t i s s u e s ,  p a r t i c u l a r l y  in  a u r ic u la r  
c a r t i l a g e  e l a s t i n ,  as th e  q u a n t i t a t iv e  d e te rm in a tio n  o f  desm osine 
and iso desm osine  in  e l a s t i n  h y d ro ly sa te s  has re v e a le d  t h a t  th e  %
c o n c e n tra tio n  and m olar r a t i o  o f  th e  two p o ly fu n c t io n a l  amino 
a c id s  depends upon th e  so u rc e  o f th e  d a s t i n  p re p a ra t io n  (6 ,7 )*
'.Fhe t h i r d  common p o ly  f u n c t io n a l  amino a c id  i s o la t e d  from  
e l a s t i n  h y d ro ly s a te s  i s  ly s in o n o r le u c in e ,  f i r s t  i d e n t i f i e d  in  
e l a s t i n  from bovine ligam entum  nuchae (8 ) , The s t r u c t u r e  of t h i s  
compound, (5 -  amino -  5 -  c a rb o x y p e n ty l)  ly s in e  ( 9 ) ,  su g g e s ts
t h a t /
' - 9
F ig . 1 . H e  s t r u c tu r e s  o f  D esm osine, Isodesm osine
and L y s in o n o rle u c in e .
a : Desmosine
b : Isodesm osine
0 ; Lys in o n o r le u c in e
H^N— ÇH-COOH
NH.
















" r " : "  ^ o o HH^N— CH— COOH 
b
N H . NH.
CH—(CH2)3— CH2—NH—(C H2)4— ÇH 
COOH OOH
i;. M
t h a t  one such r e s id u e  would u n i t e  two p o ly p e p tid e  c h a in s .
A lthough th e  desm osines and ly s in o n o r le u c in e  a re  the  most 
common c r o s s - l in k s  in  e l a s t i n  s e v e r a l  o th e r  c r o s s - l in k s  o r c r o s s ­
l i n k  p re c u rso rs  a r e  p re s e n t  in  th e  p r o te in  (1 0 , 1 1 , 1 2 ) ,
The p re se n c e  o f p o ly fu n c t io n a l  amino a c id s  c o v a le n tly  c r o s s -  
l in k in g  p o ly p e p tid e  ch a in s  in  e l a s t i n  p rev en ts  any s o l u b i l i s a t i o n  
of th e  p r o te in  w ith o u t th e  p r i o r  c leavage  o f e i t h e r  s p e c i f i c  
p e p tid e  bonds o f th e  p r o te in  backbone o r ca rb o n -ca rb o n  bonds o f 
th e  p y rid in iu m  r in g s  o f desm osine and iso d esm o sin e . This p a r t i a l  
f ra g m e n ta tio n  o f  th e  p r o t e i n  and i t s  su b seq u en t s o lu b i l i s a t i o n  
may be b ro u g h t abou t by th e  u se  of enzym es, such as p a n c re a t ic  
e l a s t a s e  (EC 3*4*4»7) or p ap a in  (EC 3 . 4 . 4 .IO ) ,  o r by non-enzym ic 
c leav ag e  i^ ith  a r e a g e n t such  as 0 ,25  M o x a l ic  a c id  a t  100 °C 
(13~16). T rea tm ent o f e l a s t i n  w ith  o x a lic  a c id  r e s u l t s  in  th e  
com plete s o l u b i l i s a t i o n  of th e  p ro te in . The s o lu b le  m a te r ia l  may 
be s e p a ra te d  in to  two f r a c t i o n s ,  d e s ig n a te d  (X -  and /3 -  e l a s t i n .
S e v e ra l s t r u c t u r a l  in v e s t ig a t io n s  have been perform ed on -  e l a s t in  , 
b u t th e  e x t r a p o la t io n  o f c o n c lu s io n s  d e riv e d  from  th e s e  s tu d ie s  to  
in c lu d e  in s o lu b le  e l a s t i n  m ust be undertaken  wi.th c a u tio n .
Because o f th e  com plete  i n s o lu b i l i t y  o f  i n t a c t  m ature e l a s t i n ,  
th e  i s o l a t i o n  of th e  p iu t e in  from co n n ec tiv e  t i s s u e  m a tr ic e s  must 
r e ly  upon th e  rem oval o f a l l  o th e r  t i s s u e  com ponents. The m ost 
f r e q u e n t ly  adopted  p ro ced u res  f o r  th e  p i u i f i c a t i o n  of e l a s t i n  
in v o lv e  e i t h e r  th e  u se  o f  h o t a l k a l i  ( I 7 ) ,  p ro lo n g ed  th e rm al t r e a t ­
ment (1 5 ) o r a com bination  o f  th e  tw o. E l a s t i n ,  a t  v a r ia n c e  w ith




c o lla g e n , shows c o n s id e ra b le  s t a b i l i t y  to  th e s e  tre a tm e n ts  in  $
r e s p e c t /
t h a t  i t  i s  n o t  s o lu b i l i s e d  to any g re a t  e x te n t .  However, th e  4
éi d e n t i f i c a t i o n  o f a l a r g e  number o f  N -  te rm in a l amino a c id
;
re s id u e s  in  e l a s t i n  p re p a ra t io n s  i s o la te d  by the  u se  o f  th e se  
p ro ced u res  (T able 2) (18) c l e a r ly  in d ic a te s  t h a t  such  ex trem es o f 
te m p era tu re  and pH c a ta ly s e  th e  h y d ro ly s is  o f s e v e r a l  p e p t id e  
bonds. T his may le a d  to  th e  lo s s  o f  l a b i l e  segm ents o f th e  e l a s t i n  
p o ly p e p tid e  c h a in  and a f f e c t  th e  m ech an ica l p r o p e r t ie s  o f  th e  p r o te in .
As m ost chem ica l and p h y s ico -ch e m ic a l s tu d ie s  have been c a r r ie d  ou t 
on e l a s t i n  p r e p a ra t io n s  i s o l a t e d  by th e se  te c h n iq u e s  i t  w ould 
perhaps be d e s i r a b le  to  r e p e a t  th e  in v e s t ig a t io n s  upon sam ples o fI1th e  pu re  p r o te in  w hich have n o t  been s u b je c te d  to  such h a rsh  
c o n d itio n s  d u r in g  p u r i f i c a t i o n .
In  an a tte m p t to  m inim ise ch a in  c leav ag e  and to  i s o l a t e  
e l a s t i n  in  a co n fo rm ation  ap p roach ing  more c lo s e ly  t h a t  o c c u rr in g  
in  th e  n a t iv e  s t a t e ,  th e s e  p ro ced u res  a re  b e in g  re p la c e d  by o th e rs  
in  w hich c o n tam in a tin g  s t r u c t u r a l  components o f th e  t i s s u e  a re  $
s e l e c t iv e ly  e x t r a c te d ,  o r h y d ro ly sed  by s p e c i f i c  enzymes (1 9 -2 3 ).
The main problem  in  t h i s  type  o f p ro ced u re  i s  to  a ch iev e  com plete 
rem oval o f a l l  unw anted components w ith o u t ca u s in g  damage t o  th e  'I;
e l a s t i n ,  s in c e  th e  p o s s i b i l i t y  e x i s t s  t h a t  th e  enzyme o r  enzymes 
used  may p o sse ss  some d eg ree  o f  a c t i v i t y  tow ards t h i s  p r o te in .
A lthough th e  h ig h  s p e c i f i c i t y  o f  a p a r t i c u l a r  enzyme may p re c lu d e  
i t  from  d ig e s t in g  e l a s t i n ,  i t s  com m ercially  a v a i la b le  p r e p a ra t io n  
may be co n tam in a ted  by e l a s t a s e s  o r n o n - s p e c if ic  p ro te a s e s .  In  t h i s y
. . . u
Table 2. (18)
N -  te rm in a l  amino a c id  re s id u e s  o f  e l a s t i n  from bovine 
ligam entum  nuchae (va lues a re  ex p ressed  as moles of 
amino a c id  p e r  lO^g of p r o te in .  R e su lts  a re  c o r re c te d  
f o r  r e g e n e ra t io n  l o s s e s ) .
I
Method of 
P u r i f i c a t io n
iiie rm a l 
Tree tn e n t
The m ai. t r e a tm e n t 
fo llo w ed  by 
A lk a lin e  T rea tm en t
A sp a rtic  Acid 0.34 0.19
Ih re o n in e 0.06 0.12
d e r in e 0.27 0.25
Glutam ic a c id 0.05 t r .
P ro lin e 0.20 0.94
G lycine 1.28 8.99
A lanine 0.72 2.80
Valdne 0.23 0.96
Is o le u c in e 0.10 0.18
Leucine 0.34 0.59
T yrosine 0.06 0.11
p h e n y la la n in e 0.07 0.27
T o ta ls 3*72 15*40
6* %
o f /
r e s p e c t  i t  sho u ld  be m entioned t h a t  o( -  am ylase (EC 3 * 2 o l'; l)  /
p r e p a ra t io n s  used  to  remove m ucoprotein from c o lla g e n  so as to  
a llo w  d is p e r s io n  o f  c o lla g e n  f i b r i l s  in  d i l u t e  a c e t ic  a c id  (2 1 ) , 
e x h ib i t  p r o te o ly t i c  a c t i v i t y ,  p o s s ib ly  as a  r e s u l t  of s u b t i l i s l n  
(EC 3*4«4»-’L6) co n tam in a tio n  (24) ,  w h ile  some c o lla g e n a se  (EC 
3 . 4 *4 *1 9 ) p re p a ra t io n s  have pronounced e l a s t o l y t i c  a c t i v i t y  (2 5 ) .
B efore p ro cee d in g  w ith  an enzymic p u r i f i c a t i o n  of e l a s t i n  i t  i s  . 
e s s e n t i a l  t h a t  an a s sa y  be made of p o s s ib le  e l a s t o l y t i c  a c t i v i t y  
in  th e  enzyme p r e p a r a t io n ,  w hich may r e q u ir e  f u r th e r  p u r i f i c a t i o n .
I t  i s  n o t a t  p r e s e n t  known w hether e l a s t i n  i s  i d e n t i c a l  in  
a l l  t i s s u e s  o r i f ,  in  f a c t ,  th e r e  e x i s t s  a fa m ily  o f  s im i la r  
p ro te in s  which show a  t i s s u e  s p e c i f i c i t y .  C onfusion has a r is e n  
as a  r e s u l t  o f th e  c o n s id e ra b le  v a r i a t io n  in  th e  ease  w/ith which 
th e  e l a s t i c  f i b r e s  in  d i f f e r e n t  s i t e s  may be p u r i f i e d  by chem ical 
means. C e r ta in ly  th e  amljio a c id  com positions of e la .s t in  p re p a ra ­
t io n s  v a ry  a c c o rd in g  to  the sp e c ie s  and t i s s u e  under in v e s t ig a t io n  
and th e  age of th e  an im al b u t they a lso  v a ry  accordi.ng to  th e  
i s o l a t i o n  p ro c e d u re . W hether th e r e  a re  in  f a c t  t r u e  sp e c ie s  - ,  
t i s s u e -  and a g e - r e l a te d  d if f e r e n c e s  in  the  com position  o f th e  
p r o te in  o r  t h a t  th e s e  d i f f e r e n c e s  have a r i s e n  as a consequence o f 
th e  v a r i a t io n  i n  th e  ea se  o f rem oval o f co n ta m in a tin g  p ro te in s  i t  
i s  im p o ss ib le  to  sa y  (6 ,26 -35 )*
Much i n t e r e s t  has been shovm in  r e c e n t  y e a rs  in  a s o lu b le  
p r o te in  w hich was f i r s t  i s o la t e d  by s a l t - e x t r a c t i o n  from  t h e . a o r ta
."A
7.
o f copper d e f i c i e n t  c a lv e s  (3 6 ). This p r o te in ,  w hich l i k e
(X- e l a s t i n  was s u s c e p t ib le  .to r e v e r s ib l e  h e a t  p r e c i p i t a t i o n ,  
was found to  p o sse ss  an amino a c id  com position  v e ry  s im i la r  to  
t h a t  o f in s o lu b le  e l a s t i n  w ith  th e  e x c e p tio n  th a t  i t  was la ck in g  
in  desm osines and was co m p a ra tiv e ly  r i c h e r  in  ly s in e  (37)* A 
v e ry  s im i la r  p re p a ra t io n  was o b ta in e d  by Sandberg and h i s  c o lle a g u e s  
upon e x t r a c t io n  of a o r t i c  t i s s u e  w ith  fo rm ic  a c id ,  a lth o u g h  th i s  
a c id - s o lu b le  p r o te in  showed a  g r e a te r  d eg ree  o f p o ly d i s p e r s i ty  
th an  th e  s a l t - e x t r a c t e d  p re p a ra t io n  (38) . '
L a b e ll in g  experim en ts c a r r i e d  ou t w ith  (^^C) v a l in e  v e ry
s t r o n g ly  in d ic a te d  t h a t  th e  sm a ll amount o f s o lu b le  p r o te in ,
I
i s o la te d  from  norm al newborn p ig  a o r ta  and a p p a re n tly  i d e n t i c a l  
to  th e  s a l t - s o l u b l e  p r e p a ra t io n  from  copper d e f i c i e n t  a n im a ls , was 
a r a p id ly  c ro s s - l in k e d  p re c u rs o r  o f e l a s t i n  (3 9 ). In  copper 
d e f i c i e n t  o r l a t h r y t i c  an im als th e  o x id a tio n  o f l y s y l  r e s id u e s  
by ly s y l  o x id ase  w hich n o rm a lly  occurs  in  th e  s y n th e s is  of c ro s s ­
l in k s  i s  in h ib i te d  (4 0 ) .  I t  i s  now a c c ep ted  t h a t  th i s  s o lu b le  
p r o te in ,  p re s e n t  u s u a l ly  o n ly  a t  low c o n c e n tr a t io n s , i s  th e  
p h y s io lo g ic a l  p re c u rs o r  o f in s o lu b le  c r o s s - l in k e d  e l a s t i n .  The 
m o lecu la r w e ig h t o f t r o p o e l a s t i n ,  as th e  s o lu b le  p r o te in  was 
named, v a r ie s  a c c o rd in g  to  th e  i s o l a t i o n  p ro c e d u re , between 30 000 
and 100 000 d a l to n s  (4 1 , 42); a r e c e n t  in v e s t ig a t io n  in  w hich 
p ro te o ly s is  was e l im in a te d  in d ic a te d  th e  m o lecu la r  w eig h t to  be 
74 000 d a lto n s  (43 ) .
T ro p o e la s t in /
8.1
T ro p o e la s tin  i s  c h a r a c te r i s e d  by th e  p re se n c e  o f  m u l t ip le  
r e p e a ts  o f th e  se q u e n c e s , Lys -  Ala -  Ala -  Ala ~ Lys and 
Lys -  Ala -  Ala -  Lys (4 1 ,4 2 ,4 4 )*  I t  i s  c o n s id e re d  t h a t  th e s e  
sequences a re  th e  re g io n s  o f  th e  ch a in  w hich a re  in v o lv ed  in  th e . 
fo rm atio n  o f th e  c ro s s - l in k a g e s  t^ /p ic a l o f th e  in s o lu b le  p r o te in  (4I )  » 
E a r l i e r  work on th e  amino a c id  com position  o f th e  c r o s s - l i n k  re g io n s  
showed th a t  desm osine -  r i c h  p e p tid e s  from  in s o lu b le  e l a s t i n  a ls o  
e x h ib ite d  a h ig h  c o n te n t o f  a la n in e  (3 ,4 5 -4 7 )*  I t  has been 
su g g es ted  t h a t  e l a s t i n  p o ly p e p tid e  ch a in s  may be c o n s t i tu te d  of 
lo n g  sequences o f  a p o la r  amino a c id  r e s id u e s  s e p a ra te d  by p o la r  
reg io n s  r i c h  i n  c r o s s - l i n k s .  (48)
IFor many y e a rs  th e  c r i t e r i o n  f o r  th e  a sse ssm en t o f th e  p u r i t y  
o f new p re p a ra t io n s  o f e l a s t i n  has been th e  comparison o f  t h e i r  
amino a c id  p r o f i l e s  w ith  t h a t  o f e l a s t i n  p u r i f i e d  by tre a tm e n t 
w ith  h o t  a l k a l i  (I?)* However, th e  i d e n t i f i c a t i o n  of a la rg e  
number o f amino end-groups (18) in  h o t a l k a l i  p u r i f i e d  e l a s t i n  
c l e a r ly  in d ic a te s  t h a t  th e  tre a tm e n t induces th e  h y d ro ly s is  o f 
s e v e r a l  p e p t id e  bonds and th e  p o s s ib le  r e le a s e  ofsegm ents o f th e  
p r o te in  p o ly p e p tid e  c h a in , as p re v io u s ly  s t a t e d .  I t  m igh t be 
exp ec ted  th a t  th e  p e p t id e  bonds m ost l a b i l e  t o  c leav ag e  by sodium 
h yd rox ide  w ould be th o se  i n  th e  v i c i n i t y  of p o la r  amino a c id  
r e s id u e s ,  ^n t h i s  r e s p e c t  i t  i s  s i g n i f i c a n t  t h a t  en zy m ica lly  y
p u r i f i e d  in s o lu b le  e l a s t i n  e x h ib i ts  c o n c e n tra tio n s  o f  a c id ic  and 
hydroxy amino a c id s  s u b s t a n t i a l l y  h ig h e r  th a n  th o s e  re p o r te d  f o r
sod ium /
.y-
sodium hyd ro x id e  t r e a te d  p re p a ra t io n s  (1 ) .
I t  would a p p e a r , th e r e f o r e ,  t h a t  a more r e l i a b l e  in d ic a t io n  
as to  th e  deg ree  o f p u r i t y  o f in s o lu b le  e l a s t i n  p re p a ra t io n s  
m igh t be o b ta in e d  i f  com parison was made w ith  th e  amino a c id  
com posiihn o f t r o p o e l a s t i n ,  w ith  due a llow ance f o r  th e  u t i l i s a t i o n  
o f ly s y l  r e s id u e s  in  c r o s s - l in k s .
The u l t r a s t r u e t u r a l  arrangem ent o f è l a s t i n  is  s t i l l  a m a tte r  
f o r  c o n je c tu r e .  In  c o n v e n tio n a l ly  s ta in e d  s e c tio n s  o f ficced 
t i s s u e  e l a s t i n  f i b r i l s  p r e s e n t  an amorphous ap p ea ran ce . However, 
th e  amorphous n a tu re  of th e  p r o te in  has been q u e s tio n e d  on th e  
grounds t h a t  e l a s t i n ,  i s o l a t e d  by e i th e r  th e rm a l (1 5 ) o r a lk a l in e  
tre a tm e n t (1?) can be re s o lv e d  in to  lo n g i tu d in a l  f ilam en to u s  
u n i t s  (49 , 31) when s u b je c te d  t o  u l t r a s o n ic  d is p e r s io n  f o r  a p ro ­
longed  p e r io d  o f tim e and exam ined by n e g a t iv e  c o n t r a s t .  These 
f i la m e n ts ,  w hich have a d ia m e te r  o f l e s s  th a n  3 (5 0 ) , a r e  seen
to  run  p a r a l l e l  to  th e  m ajo r a x is  o f th e  f i b r i l  and show a ‘beaded* 
ap p ea ran ce . However, th e  in te r p r e b a t io n  o f t h i s  n e g a t iv e  s t a i n in g  
p a t te r n  as in d ic a t in g  t h a t  th e  e l a s t i n  f i b r i l  cons i t s  o f  c lo s e ly  
packed f i la m e n ts  has n o t found f u l l  a c c e p ta n c e . S tro n g  r e s e rv a t io n s  
h av e , i n  f a c t  been ex p re ssed  c o n ce rn in g  th e  e f f ic ie n c y  of th e  
p u r i f i c a t i o n  p ro ced u res  in  rem oving c o n tam in a tin g  m a te r ia l s ,  
p r im a r i ly  c o lla g e n  (5 1 ) , and th e  e f f e c t  o f s o n ic a t io n  on th e  conform ­
a t io n  o f th e  p r o te in  ( I 5 ) . In  a d d i t io n  such l i l t r a s  t ru e  t u r a l  
o rg a n is a t io n  o f e l a s t i n  has f a i l e d  to  f in d  su p p o r t from bo th  x - r a y




and c irc u la T  d ic h ro is ra  an a ly s  es conducted  on e l a s t i n  and «  -  
e l a s t i n  (1 3 ) ,  as n e i th e r  te c h n iq u e  re v e a le d  th e  p re se n c e , in  
g e n e ra l ,  o f  any d e f i n i t e  seco n d ary  o r  t e r t i a r y  s t r u c t u r e  (52 ,53)*
As i n i t i a l l y  rem arked , th e  most s t r i k i n g  p ro p e r ty  e x h ib ite d  
by e l a s t i n  i s  t h a t  o f e l a s t i c i t y ,  v i z ,  e la stin  responds to  an 
e x te r n a l  fo rc e  by a l a r g e  b u t tem porary  d efo rm a tio n  w ith o u t ru p tu re .
The s t r  es 8 -s tra in  cu rves o f bo th  u n tre a te d  ligam entum  nuchae and 
p u r i f i e d  e l a s t i n  a re  rem arkab ly  s im i la r  up to  e lo n g a tio n s  in  th e  
o rd e r  o f ?0%, b o th  m a te r ia ls  obeying Hooke *s law  and e x l i ib i t in g  a 
Young *8 modulus o f abou t lo"^ dynes cm ^ , p ro v id in g  th e  sam ples 
have a w a te r  c o n te n t g r e a te r  th an  40/  o f th e  t o t a l  sample w eig h t (52)
This v a lu e  f o r  th e  Young’s modulus i s  w ith in  th e  range  o f  v a lu e s  ^
re p o r te d  f o r  t y p i c a l  ru b b e rs .  Above e lo n g a tio n s  o f ab o u t 7 0 / 
p u r i f i e d  e l a s t i n  specim ens undergo r u p tu r e ,  w h ile  th o se  o f u n tr e a te d  1
ligam entum  nuchae show an a b ru p t in c re a s e  in  modulus (5 2 ). E l a s t i c  
e lo n g a tio n s  of 70/  a t  y ie ld  o b ta in e d  w ith  g ross sam ples of p u r i f i e d  
e l a s t i n ,  a re  v e ry  low in  com parison to  e lo n g a tio n s  in  th e  range 
300 -  400/  reco rd ed  w ith  v u lc a n iz e d  ru b b e r .
In a p e r f e c t  ru b b e r ,  e l a s t i c i t y  i s  a consequence o f  th e  p resence 
o f k i n e t i c a l l y - f r e e  ch a in s  w hich a re  c ro s s - l in k e d  so  as to  form 
a th re e -d im e n s io n a l n e tw o rk , a s t r u c t u r e  in  i\h ich  ch a in  s l ip p a g e  i s
p re v e n te d . The h e a t  evo lved  on s t r e t c h in g  such  a system  i s  
ap p ro x im ate ly  e q u iv a le n t  to  th e  work re q u ire d  to  perfo rm  th e  
e x te n s io n  (5 4 )j th e ' d r iv in g  fo rc e  f o r  c o n tra c t io n  b e in g  p u re ly
e n t r o p ie • /
n.'-:
e n t ro p ie .  In  th e  case  of e l a s t i n ,  th e  h e a t  produced d u rin g  
s t r e t c h in g ,  in  w a te r ,  ' , i s  • g r e a te r  th an  t h a t  co rre sp o n d in g  *
to  th e  work perform ed in  e lo n g a tin g  th e  sample(55).Furtl'ierraore, 
i t  was found t h a t  t h i s  e x c e ss iv e  r e le a s e  o f h e a t  was m inim ised by 
in c re a s in g  th e  c o n c e n tra t io n  o f o rg an ic  s o lv e n ts  in  th e  s w e llin g  
medium (55)» This o b s e rv a tio n  le a d  W eis-Fogh and Andersen (56) yIto  p ropose a n o v e l model f o r  e l a s t i n  e l a s t i c i t y .  In  t h i s  m odel, M
w hich p resupposes t h a t  la r g e  segm ents o f  th e  p o ly p e p tid e  c h a in s  §
a re  c o i le d  in to  g lo b u la r  s t r u c tu r e s  i n  re la x e d  spec im en s, in c re a s in g  A
”1numbers o f a p o la r  s id e  ch a in s  a re  b ro u g h t in to  c o n ta c t  w ith  s o lv e n t  3
upon e x te n s io n  o f  th e  sam ple and d e fo rm a tio n  o f th e  m icro sco p ic  
g lo b u la r  u n i t s .  The d r iv in g  fo rc e  f o r  r e c o i l  w ould th e n  be p ro v id ed  
by th e  tendency  o f th e  p r o t e i n  to  r e - a c q u i r e  the  con fo rm ation  in  
w hich th e  i n t e r a c t io n  o f  w a te r and hydrophobic s id e  ch a in s  i s  
m inim ised. This is  b ro u g h t ab o u t by c o n t ra c t io n  of th e  p o ly p e p tid e  
ch a in s  so as to  bu ry  a p o la r  re s id u e s  in  th e  i n t e r i o r  o f th e  h y p o th e t i -  
c a l  g lo b u la r  s t r u c t u r e s ,  A model of th i s  n a tu re  i s  c e r t a in l y  
com patib le  w ith  th e  o b s e rv a tio n  o f ‘b e a d e d ‘ f i la m e n ts  in  e l a s t i n Ispecim ens (5 0 ). 1
In  a  r e c e n t  p u b l ic a t io n  (57) Hoeve and F lo ry  have dem on stra ted  
t h a t  th e  Weis-Fogh and A ndersen model o f e l a s t i n * i s  in c a p a b le  o f â
q u a n t i t a t iv e l y  acc o u n tin g  fo r  th e  e n e rg e tic s  o f e l a s t i n  e l a s t i c i t y ,  
and have s u c c e s s f u l ly  e x p la in e d . th e  anomalous thermodynamic 
behav iou r o f e l a s t i n  on the  b a s is  o f  s o lv e n t  d i l u t i o n  in  an o th e r ­




w ise  r u b b e r - l ik e  sy stem . Hrie au th o rs  s t a t e  t h a t  th e  m acrom olecular |
2
o rg a n is a t io n  o f  e l a s t i n  w ould , th e r e f o r e ,  appear to  conform  to  1
t h a t  o f  ru b b e r ,  i . e ,  a system  o f k in e t ic a l3 -y - f r e e  ch a in s  fo rm ing  a 
th r e e  d im en sio n a l netw ork  s t a b i l i s e d  by c r o s s - l in k a g e s ,  s
S e c tio n  A of t h i s  th e s i s  d e s c r ib e s  th e  i s o l a t i o n  o f in s o lu b le  
e l-a s t in  by a m ild  enzymic p ro ced u re  and th e  exam ination  of some of :l
th e  chem ical, and p h y s ic a l  p r o p e r t ie s  of th e  p r e p a r a t io n .
E la s t in  was i s o la t e d  from bovine ligam entum  nucliae and a o r ta  
by a  s l i g h t l y  m o d ified  v e rs io n  o f th e  p ro ced u re  o f Ross and B ornste in  
' (2 2 ) . The t i s s u e s  w ere s e r i a l l y  e x tra c te d  w ith  g u an id in e  
and d i t h i o t h r e i t o l  in  g u a n id in e , fo llo w ed  by d ig e s t io n  w ith  
c o lla g e n a se  (EG 3*4»4»19), p u r i f i e d  e i th e r  by g e l  e x c lu s io n  and 
ion -exchange chrom atography (5Ô) o r  by a f f i n i t y  chrom atography 
fo llo w in g  b a tch w ise  f r a c t io n a t io n  on d ie th y la rn in o e th y l c e l lu lo s e .
The c o lla g e n a se  p re p a ra t io n s  w ere assayed  f o r  / e l a o to ly t ic  a c t i v i t y  
by e s t im a tio n  o f  th e  s o lu b le  p e p tid e s  r e le a s e d  from th e  s u b s t r a t e ,  
nam ely in s o lu b le  c o l la g e n - f r e e  e l a s t i n ,  p re p a re d  from  bovine 
ligam entum  nuchae by h o t  a l k a l i ,  tre a tm e n t (1 7 ) . The chem ical 
i n t e g r i t y  o f th e  e l a s t i n  p re p a ra t io n s  i s o la t e d  in  t h i s  way was 
a s s e s se d  by e s t im a tio n  o f  t h e i r  N -term j.nal p r o f i l e s .  I t  was f e l t  
t h a t  t h i s  would g iv e  a  more a c c u ra te  in d ic a t io n  of th e  p resen ce  
o f e l a s t o l y t i c  a c t i v i t y  in  th e  enzyme p re p a ra t io n  t h a i  a n a ly se s  
c a r r i e d  ou t on th e  d ig e s t io n  feU pernatant as d e sc r ib e d  above, 
s in c e  owing to  th e  h ig h ly  c r o s s - l in k e d  n a tu re  o f e l a s t i n ,  s u b s t a n t i a l
p e p t id e /
1 ' }
D im eth y l/
p e p tid e  bond c leav ag e  may occur w ith o u t l i b e r a t i c n  o f p e p tid e  
fra g m e n ts .
E nzym ically  p u r i f i e d  e l a s t i n  p re p a ra t io n s  w ere c h a r a c te r i s e d  »
w ith  r e s p e c t  to  t h e i r  amino a c id  and c a rb o h y d ra te  co m p o sitio n .
As none o f  th e  N -te rm in a l re s id u e s  i d e n t i f i e d  in  th e  e l a s t i n  
p re p a ra t io n s  was p r e s e n t  in  s u f f i c i e n t  amount to  be com p atib le  
w ith  th e  m o lecu la r w e ig h t o f t r o p o e l a s t in  (74 000 daltonsX43) 
a tte m p ts  w ere made to  d is c o v e r  th e  n a tu re  o f  th e  t r u e  end-group 
o f th e  p r o te i n .
P rev ious s tu d ie s  ($ 2 ,5 9 ) o f th e  s t r e s s - s t r a i n  r e la t io n s h ip  
in  e l a s t i n  w ere conducted  upon sam ples p u r i f i e d  by e i t h e r  th e rm a l 
o r h o t - a l k a l i  tre a tm e n t (1 $ ,1 7 ) ,  p ro ced u res  shown to  im p a ir  th e  
i n t e g r i t y  o f th e  p r o te in  ( IS ) ,  ^ t  was d ec id ed  to  re-exam ine 
th e  m echan ica l p r o p e r t ie s  o f e l a s t i n  u s in g  u n d e :g ra d e d e n z y m ic a l ly  
p u r i f i e d  specim ens in  o rd e r  to  d e term ine  w hether th e  re p o r te d  
. b ehav iou r (5 2 ,5 9 ) o f e l a s t i n  was ty p i c a l  o f  th e  p r o te in  o r  h ad , 
in  f a c t ,  been m o d ified  as a  r e s u l t  o f p e p tid e  bond c leav ag e  d u rin g  
th e  p u r i f i c a t i o n  p ro c e d u re s .
A r e - in v e s t ig a t io n  was a ls o  made of th e  e le c t r o n  m ic ro sco p ic  
appearance o f e l a s t i n .  F in e ly  powdered specim ens o f an en zy m ica lly  ?!
p u r i f i e d  p re p a ra t io n  w ere examined by n e g a tiv e  c o n t r a s t .  To #
e l im in a te  th e  p o s s i b i l i t y  o f c o n fo rm a tio n a l changes induced  by ’-I




D im ethyl su lp h o x id e , known to  sw e ll  e l a s t i n  (59*60), was 
o c c a s s io n a l ly  used  to  f a c i l i t a t e  th e  d i f f u s io n  o f s t a i n  in to  
th e  i n t e r i o r  o f th e  f i b r i l s .
The s t r u c t u r a l  a rrangem en t of en zy m ica lly  p u r i f i e d  e l a s t i n  was 
a ls o  in v e s t ig a te d  by bo th  o p t i c a l  p o la r i s a t io n  and X-ray d i f f r a c t i o n  
a n a ly s is  in  an a tte m p t to  ga in  a d d i t io n a l  d a ta  to  a id  in  th e  i n t e r ­
p r e ta t io n  o f  e le c tro n m ic ro s co p ie  ev id en ce .
MATERIALS AND METHODS
35.
P u r i f i c a t io n  o f C lo s tr id iu m  h is to ly t ic u m  
c o lla g e n a se  ( c lo s t r id io p e p t id a s e  A, EC 3 . 4 . A.19)
a ) .  Gel -  and Ion  Exchange -  Chrom atography
1
An a l iq u o t  (4OO mg) o f  a com m ercial c o lla g e n a se  p re p a ra t io n  
(Type 1 ,  S igna (London) Chem ical C o ., L t d . ) ,  d is s o lv e d  in  30 ml 
5 mM T ris  (pH 7*5) c o n ta in in g  ijmM CaClg, was a p p lie d  to  a column 
(5*0 X 100 cm) o f Sephadex G200 (Pharm acia F ine  C hem icals, Sweden) 
e q u i l ib r a t e d  w ith  th e  same b u f f e r .  E lu tio n  was perform ed a t  4 **C 
•w ith  a flow  r a t e  o f 22 m l/h , f r a c t io n s  o f 6 ml b e in g  c o l le c te d  
and m onito red  f o r  p r o te in  c o n te n t by u l t r a v i o l e t  sp ec tro p h o to m etry  
a t  a  W avelength o f 275 nm. The c o l la g e n o ly t ic  and n o n - s p e c if ic  |
p r o te o ly t i c  a c t i v i t y  o f ev e ry  f i f t h  f r a c t io n  was a l s o  m o n ito red , 
as w i l l  l a t e r  be d e s c r ib e d .
Those f r a c t i o n s ,  from  th r e e  such ch rom atograph ic ru n s ,  
c o n ta in in g  c o l la g e n o ly t ic  a c t i v i t y  were poo led  (g iv in g  ap p ro x im ate ly  
400 ml of s o lu t io n )  and a p p lie d  to  a column (2 x  10 cm) o f 
d ie th y la m in o e th y l (DEAE) c e l lu lo s e  (DE 52 c e l lu lo s e ,  ^\hatman 
B iochem icals L td .)  e q u i l ib r a te d  w ith  5mM T ris  (pH 7*5) c o n ta in in g  
4 mM GaClg. The column was th e n  w ashed, a t  4 °C , w ith  th e  same M
b u f fe r  a t  a  flow  r a t e  o f 4O n il/h  u n t i l  p r o te in  cou ld  no lo n g e r  
be d e te c te d  in  th e  e f f lu e n t  by u l t r a v i o l e t  sp ec tro p h o to m e try  a t  '§
275 nm. The e lu a n t  was changed to  50 inM T r is  (pH 7*5) c o n ta in in g  
4 mM CaClp. When th e  e f f lu e n t  was ag a in  f r e e  o f p ro te in  th e  #
e lu a n t  was changed to  5nM T ris  (pH 7*5) c o n ta in in g  4 mM CaClp and
100 mM/
16.
100 mM NaCl, and f i n a l l y  to  5mM T ris  (pH 7*5) c o n ta in in g  4 nM
CaCl and 500 mM NaCl (5&). The ex p e rim e n ta l c o n d itio n s  w ere 9
Ii d e n t i c a l  fo r  each b u f f e r  s o lu t io n ,  th a t  i s  a  flow  r a t e  o f |
40 m]./h a t  4 **0 w ith  6 ml f r a c t io n s  being c o l le c te d  and s to re d  a t  
4*0. The p r o te in  c o n te n t ,  as in d ic a te d  by th e  abso rbance a t  
275 nm, o f each  f r a c t i o n  and th e  c o l la g e n o ly t ic  and n o n - s p e c if ic  '4
3p r o te o ly t i c  a c t i v i t y  o f  ev e ry  f i f t h  f r a c t io n  w ere m o n ito red . "4
S u ita b le  f r a c t io n s  w ere p o o le d , d ia ly s e d  a g a in s t  0 .1  mM CaCl 
(c o lla g e n a se  b e in g  much more s t a b l e  in  th e  p resen ce  of ca lc ium  
io n s  th a n  in  pu re  w a te r )  a t  4*^ 0 and ly o p h i l i s e d .
B efore u se  in  th e  p u r i f i c a t i o n  o f  e l a s t i n  a l iq u o ts  o f th e  
ly o p h i l i s e d  m a te r ia l  w ere t e s t e d  fo r  th e  p re se n c e  o f e l a s t o l y t i c  
a c t i v i t y  u s in g  in s o lu b le  e l a s t i n ,  i s o la t e d  from  bovine ligam entum  
nuchae by h o t a l k a l i  tre a tm e n t (1 7 ) ,  as a s u b s t r a t e ,
b ) .  A f f in i ty  Chrom atography
B efore a p u r i f i c a t i o n  by a f f i n i t y  chrom atography was a ttem p ted  
much o f th e  brown pigm ent and n o n -s p e c if ic  p r o te o ly t i c  a c t iv i ty -  
a s s o c ia te d  w ith  th e  c ru d e  c o lla g e n a se  p re p a ra t io n  (T ype '1 , Sigma 
(London) Chem ical C o ., L td .)  was removed by tre a tm e n t w ith  DEAE 
c e l lu lo s e  (De 52 c e l lu lo s e ,  1#iatraan B iochem icals L td ) .  An a liq u o t 
o f th e  crude enzyme p r é p a r a t io n ,  d is s o lv e d  in  30 nil of 5 mM T ris  
(pH 7*5) c o n ta in in g  4 CaClg and 100 mM NaCl, was added to  20g 
of p re -sw o lle n  DEAE c e l lu lo s e  suspended i n  20 mis o f th e  same 
b u f fe r  and s t i r r e d  f o r  1 h r  a t  4 ®C. The io n -ex ch an g er was th en  
removed by low speed  c e n t r i f u g a t io n  f o r  15 m inutes a t  4 ®C, th e
s u p e r n a ta n t /
i:?
s u p e rn a ta n t added to  a f r e s h  su sp e n sio n  o f DEAE c e l lu lo s e  and 
th e  p ro cess  r e p e a te d . The r e s u l t i n g  s o lu t io n  o f p a r t l y  p u r i f i e d  
c o lla g e n a se  was d ia ly s e d  exha.uobively a g a in s t  0 .1  irM CaClg a t  
4 °C and ly o p h i l i s e d .  L y o p h ilise d  m a te r ia l  was s to re d  a t  -4 0  *0.
A lthough th e  te ch n iq u e  o f a f f i n i t y  chrom atography can y ie ld  
h ig h ly  p u r i f i e d  p re p a ra t io n s  i t  can s u f f e r  from  th e  e f f e c t s  of 
th e  n o n -s p e c if ic  a d s o rp tio n  o f co n tam in an ts . These con tam in an ts  
a re  o f te n  removed from  th e  a f f i n i t y  su p p o r t under th e  same 
ex p e rim e n ta l c o n d itio n s  as th o se  n e c e s sa ry  to  e f f e c t  th e  rem oval 
of th e  re q u ir e d  m a te r ia l  r e s u l t i n g  in  a  f i n a l  p re p a ra t io n  w h ich , 
though much p u r i f i e d ,  c o n ta in s  u n d e s ira b le  com ponents. In  o rd e r  
to  c ircum ven t t h i s  problem  i t  was decided  to  u t i l i s e  a su p p o r t 
w ith  a f f i n i t y  f o r  th o se  p ro te in s  in  th e  co3.1agenase p re p a ra t io n  
p o s se s s in g  e l a s t o l y t i c  a c t i v i t y ,  r a th e r  th a n  a su p p o rt which 
would r e t a i n  c o lla g e n a s e . An obvious ch o ice  f o r  such  a su p p o r t 
was t h a t  o f in s o lu b le  e l a s t i n  from w hich any c o lla g e n  bed been 
removed. C o arse ly  m ille d  bov ine ligam entum  nuchae was s u b je c te d  
to  ft-he h o t  a l k a l i  t r e a tm e n t o f  L ansing  e t  a l  ( I 7 ) to  y ie ld  
c o l la g e n - f r e e  e l a s t i n .  An a l iq u o t  of t h i s  m a te r ia l  was sw o llen  
in  15 mM T ris  (pH 7 . 5 ) c o n ta in in g  1 mM CaClp, degassed  under 
reduced  p re s s u re  and used  to  pack a sm a ll column (1*3 cm x  6 .0  cm) 
w hich was washed w ith  I 5 mM T ris  (pH 7 . 5 ) c o n ta in in g  1 mM CaClg 
u n t i l  no m a te r ia l  cou ld  be d e te c te d  in  th e  e f f l u e n t  by scan n in g  
u l t r a v i o l e t  sp e c tro p h o to m e try . To th is  column was a p p l ie d ,  u nder 




(20 mg in  5 ml 15 niM T ris  (pH 7*5) c o n ta in in g  1 mM CaClg.
The column was e lu te d  a t  4 ®C w ith  th e  T r is  -  CaCl^ b u f f e r  a t  
a  flow  r a t e  o f  20 m3./h. The column e f f lu e n t  was m on ito red  by 
scan n in g  u l t r a v i o l e t  sp ec tro p h o to m e try  and th e  f i r s t  1Ô ml 
c o l le c te d  and s to r e d  a t  4 *0. The enzyme p re p a ra t io n  was found 
to  r e t a i n  i t s  a c t i v i t y  f o r  s e v e r a l  weeks when s to re d  under th e s e  
c o n d it io n s .  B efore u se  i n  th e  p u r i f i c a t i o n  o f e l a s t i n  a l l  
c o lla g e n a se  s o lu t io n s  p re p a re d  i n  th i s  way w ere checked fo r  
e l a s t o l y t i c  a c t i v i t y .
E s tim a tio n  o f C o lla g e n o ly tic  A c tiv i ty
A liq u o ts  (0 .5  m3.) o f enzyme s o lu t io n ,  c o n ta in in g  a sud.t a b le  
amount o f enzyme, w ere added to  9 .5  ml o f O.IM T r is  (pH 7 o )  
c o n ta in in g  10 mM CaCl_ and 10 mg o f in s o lu b le  c o lla g e n  ( I s o la te d  
from  c a l f  s k in ) .  The m ix tu re  was in c u b a te d  a t  37 *C f o r  2 h r s . 
a f t e r  which tim e i t  was f i l t e r e d .  In  th e  ease  of th e  c o n t ro l  
0 .5  ml o f enzyme s o lu t io n  was added to  a c o lla g e n  su sp e n s io n  w hich 
had undergone a  2 h r  in c u b a tio n  a t  37 *C. The su sp e n sio n  was 
f i l t e r e d  im m ediate ly  a f t e r  the a d d i t io n  o f th e  enzjnne.
The amount o f  s o lu b le  m a te r ia l  w hich had. been r e le a s e d  by 
th e  a c t io n  of c o lla g e n a se  was then  e s tim a te d  u s in g  n in h y d r in  to  






2 ml n in h y d rin  s o lu t io n  (1 . 2^  s o lu t io n  o f n in h y d r in  in  m ethoxy- 
e th a n o l -  sodiiim a c e ta te  (pH 5*5) c o n ta in in g  0 .0 3 3 ^  stannous 
c h lo r id e  as a n to x id a n t)  and th e  s o lu t io n s  mixed th o ro u g h ly  f o r  
2 m in u tes  u s in g  a V ortex  m ix er. A fte r 15 m inu tes a t  100 °C
th e  r e a c t io n  n d x tu re  was c o o le d , d i lu te d  w ith  10 ml of 50^  5
(volume by voltmie ) aqueous n -p ro p an o l and th e  abso rbance of 
th e  s o lu t io n  a t  57^ nm read  a f t e r  10 m inu tes a t  room te m p e ra tu re .
A s o lu t io n  o f le u c in e  of laiowm c o n c e n tra tio n  was used  to  1
p re p a re  a c a lib ra te .o n  c u rv e . • |
1
E s tim a tio n  o f  N on-S pecific  P r o te o ly t ic  A c t iv i ty
To 4 ÎÎÛ. o f  a  0 .6 #  s o lu t io n  o f c a se in  in  O.IM T ris  (pH 7 .3 )
was added 0 .1  ml enzyme s o lu t io n .  A fte r a 1 h r .  in c u b a tio n  a t
37*0 2 ml o f 25# (w eigh t by volum e) t r i c h l o r a c e t i c  a c id  s d u tio n
w ere added , and th e  m ix tu re  in c u b a ted  f o r  a f u r th e r  30 m inu tes
a t  37 *0 p r i o r  to  f i l t r a t i o n .  The c o n c e n tra tio n  o f p e p t id e s ,  !
to o  sm a ll t o  be p r e c i p i t a t e d  by t r i c h l o r a c e t i c  a c id ,  r e le a s e d  !
from  th e  c a s e in  by th e  a c t i v i t y  o f n o n -s p e c if ic  p ro te a se s  was
th e n  e s tim a te d  on a  0*5 ml a l iq u o t  o f th e  f i l t r a t e  u s in g  n in h y d rin  j
'
as d e sc r ib e d  f o r  th e  a ssa y  o f c o l la g e n o ly t ic  - a c t i v i t y .  A j
c o n t ro l  was p re p a re d  by th e  a d d i t io n  o f thobenzyme s o lu t io n  a f t e r  
th e  a d d i t io n  o f t r i c h l o r a c e t i c  a c id  to  the c a s e in  s o lu t io n .
20.
E s tim a tio n  o f E l a s to ly t i c  A c t iv i ty
A liq u o ts  (0 .5  m l) of enzyme s o lu t io n  w ere added to  9*5 Tnl 
o f O.IM T ris  (pH 7*0). c o n ta in in g  10 mg of f i n e l y  pow dered, in s o lu b le  
c o lla g e n  -  f r e e  e l a s t i n  ( p u r i f ie d  by tre a tm e n t w ith  h o t  a l k a l i ) .
The su sp e n s io n  was in c u b a te d  a t  37*0 f o r  24 o r  4^ h r s .  a f t e r  w hich 
in s o lu b le  m a te r ia l  was removed by f i l t r a t i o n .  The amount o f p ro te in ,  
s o lu b i l i s e d  by th e  a c t io n  o f enzymes p o s se s s in g  e l a s t o l y t i c  a c t i v i t y ,  
p re s e n t  in  0 .5  ml o f f i l t r a t e  was e s tim a te d  u s in g  n in h y d r in  as 
a lre a d y  d e s c r ib e d . The c o n t r o l  c o n s is te d  of 10 mg o f e l a s t i n  in
9 .5  ml O.IM T r is  (pH 7*&) w hich was in c u b a ted  fo r  e i t h e r  24 o r 43 Itt's . 
a t  37*C b e fo re  th e  a d d i t io n  o f O.5  ml enzyme s o lu t io n .  The su sp e n sio n  
was f i l t e r e d  im m ed ia te ly  fo llo w in g  th e  a d d i t io n  o f  enzyme.I
Because o f th e  c ro s s - l in k e d  n a tu re  of in so lu b le  e l a s t i n ,  
s u b s ta n t ia l  p e p tid e  bond damage m ight occur w ith o u t the accorpmying
re le a s e  of p e p t id e s . As any damage of th is  n a tu re  would rem ain i
undetected  by an a ly ses perform ed upon the  d ig e s t io n  f i l t r a t e  i t  was |
f e l t  th a t  a more r e l i a b l e  e s tim ate  of th e  amount of damage caused ‘
by e la s to ly t i c  enzymes would be provided by the d e te rm in a tio n  o f I
am ino-end groups p r e s e n t  in  th e  in s o lu b le  e l a s t i n  p u r i f i e d  by th e  1
uu se  o f c o lla g e n a se  p r e p a r a t io n s .  1
The I s o la t io n  of In so lu b le  E la s t in  from 
Bovine Ligamentum nuchae
a ) .  C ollagenase in  co n ju n c tio n  w ith  Guanidine
H ydrochloride and D i th io th r e i to l
A m odified v e rs io n  of th e  procedure o r ig in a l ly  desc rib ed  by
R oss/
21. 'I
Ross and B e rn s te in  (22) was adop ted  f o r  th e  i s o l a t i o n  o f in s o lu b le  |
e l a s t i n  from  a d u l t  bov ine ligam entum  nuchae.
The ligam entum  nuchae of th r e e -y e a r  o ld  c a t t l e  was hom ogenised 
in  ic e  c o ld  w a te r  and th en  d eh y d ra ted  and d e f a t te d  in  c h lo ro fo rm - -4
m ethanol (3 :1  by volum e) f o r  24 h r s .  a t  4*C. The d e f a t te d  m a te r ia l  
was c o l le c te d  by c e n t r i f u g a t io n ,  a i r - d r i e d  and f i n e l y  ground in  a A
I
ham m er-m ill (Stanm ore G le n c re s to n ) . The r e s u l t i n g  cream -co lo u red  %
powder was graded on s ie v e s  of the  ASTM s e r i e s  and th e  100 -  200 
mesh f r a c t i o n  (149-79 m icron  p a r t i c l e  d ia m e te r)  e x t ra c te d  w ith  1%
NaCl f o r  24 h rs  a t  4*C, in  th e  p re sen ce  o f a  sm a ll amount o f 
to lu e n e  as a  b a c t e r i o s t a t i c  a g e n t. The re s id u e  was c o l le c te d  by 
c e n t r i f u g a t io n  and w ashed th o ro u g h ly  w ith  w a te r  p r io r  to  ly o p h i l i s a t i o n .
An a l iq u o t  ( Ig )  o f th e  d e f a t t e d ,  s a l i n e  washed p re p a ra t io n  
Was e x tra d te d  f o r  s i x  24 h r .  p e r io d s  w ith  5 M g u an id in e  h y d ro c h lo r id e  
(Sigma (London) Chem ical C o ., L t d . ,  ’p r a c t i c a l  g ra d e ’ w hich was 
r e c r y s t a l l i s e d  b e fo re  u se  from  bo th  e th an o l-b en ze n e  and w a te r  ac c o rd ­
in g  to  th e  method of N ozaki (6 2 )) in  0 .1  M T ris  (pH 7. 4 ) a t  4*0,
In  o rd e r  to  en su re  t h a t  th e  maximum q u a n t i ty  of guan id in e  s o lu b le  
m a te r ia l  was rem oved, th e  le v e ls  in  th e  e x t r a c t io n  s u p e rn a ta n t  o f  
bo th  hexosam ine and h y d ro x y p ro lin e  w ere e s tim a te d  a f t e r  each 24 h r  
e x t r a c t io n  p e r io d .
The e x t r a c t io n  re s id u e  was n e x t t r e a te d  w ith  d i t h i o t h r e i t o l  
in  o rd e r  to  s o l u b i l i s e  th o s e  p r o te in s  p o s se s s in g  in te r -m o le c u la r
d i s u lp h id e /
22
I
d is u lp h id e  bonds. The p r e p a r a t io n  was suspended in  5M g u an id in e  q
h y d ro c h lo r id e  in  O.IM T r is  (pH 7*4) c o n ta in in g  0 ,4 #  e th y le n e -  
d iam ine t e t r a c e t i c  a c id  ( d is odium s a l t ,  EDTA). P r io r  to  th e  
a d d i t io n  of d i t h i o t h r e i t o l  (S igna (London) Chem ical C o ., L td .)  
to  a c o n c e n tra tio n  o f 0.05M th e  su sp e n sio n  was d egassed  under 
reduced  p re s s u re  and th e n  p la c e d  under a n i t ro g e n  b a r r i e r .  The 
e x t r a c t io n  was a llow ed  to  p ro ceed  w ith  s t i r r i n g  a t  37 °G f o r  24 h rs  
a f t e r  which tim e th e  r e s id u e  was c o l le c te d  by c e n t r i f u g a t io n  and 
resuspended  in  f r e s h  e x t r a c t io n  medium f o r  a f u r th e r  24 h r .  p e r io d .
The l e v e l  o f  hexos amine and h y d rb x y p ro lin e  in  th e  e x t r a c t s  was 
ag a in , e s tim a te d . The e x t r a c t io n  re s id u e  waswashed w ith  5M g u an id in e  
h y d ro c h lo r id e  in  O.lPl T r is  (pH 7«4) fo llow ed  by w a te r  and ly o p h i l i s e d .
F in a l ly  t h i s  m a te r ia l  was t r e a te d  w ith  c o l la g e n a se ;  th e  r e s id u e  u
7was suspended in  O.OIM CaCl^ (c o n ta in in g  a sm a ll q u a n t i ty  o f  to lu e n e ) 
and th e  pH o f th e  su sp e n s io n  a d ju s te d  w ith  O.OIN NaOH to  a v a lu e  
o f 7*5* When th e  r e s id u e  had f u l l y  e q u i l ib r a te d  and th e  pH o f 7
th e  su sp e n sio n  showed no tendency  to  d r i f t ,  p u r i f i e d  c o l la g e n a se  -q
was added t o  g iv e  an enzyme to  re s id u e  r a t i o  o f  ap p ro x im ate ly  1 ;
1000, The d ig e s t io n  was a llow ed  to  p roceed  a t  37 °C and pH 7 .5 ,  
t h i s  v a lu e  b e in g  m a in ta in ed  -  and th e  r a t e  o f  ca rb o x y l group 
l i b e r a t i o n  fo llo 'v e d  -  by th e  a d d i t io n  of O.OIN NaOH u s in g  a Radio­
m eter pH S t a t  assem bly  (R ad iom eter, Copenhagen; pH m eter ty p e  26 
u t i l i s i n g  a g la ss  and a  ca lom el e le c t r o d e ,  T i t r a t o r  ty p e  11 ,
T i tr ig r a p h  ty p e  SBR 2c and s y r in g e  b u r e t t e  ty p e  SRU l a ) .  When no






in d ic a t io n  o f p r o te o l y t i c  a c t i v i t y  was a p p a re n t upon th e  a d d i t io n  |
‘Îof fu r th e r 's m a ll  a l iq u o ts  o f  enzyme th e  in s o lu b le  m a te r ia l  was 
c o l le c te d  by c e n t r i f u g a t io n  and washed w ith  5M g u an id in e  h y d ro c h lo r id e  
in  O.IM T r is  (pH 7*4) to  remove any in h ib i to r y  d ig e s t io n  p ro d u c ts .
A fte r  f u r th e r  w ashing  in  2M NaCl and w a te r  th e  r e s id u e  was r e ­
suspended in  O.OIM CaCl2 and th e  tre a tm e n t w ith  c o lla g e n a se  re p e a te d .
When th e r e  was no ev id en ce  o f any d ig e s t io n  th e  purified  e l a s t i n  was Î
c o l le c te d  and w ashed w ith  g u an id in e  h y d ro c h lo r id e  in  T ris  (pH
7 . 4 ) ,  2M NaCl and w a te r  b e fo re  b e in g  ly o p h i l i s e d .
b )  A u toclav ing  ( I 5 )
Bovine ligam entum  nu ch ae , d e f a t te d  in  ch lo ro fo rm -m ethano l
(3 : 1 by volum e) was f i n e l y  powdered in  a hammer m i l l ,  th e  100 -  
200 mesh f r a c t io n  b e in g  c o l le c te d .  The powder was suspended in  
d i s t i l l e d  w a te r  and a u to c la v e d  a t  a p re s s u re  o f 15 pounds p e r  sq u a re  
in c h  f o r  s ix ty  m in u te s . The re s id u e  was c o l le c te d  by f i l t r a t i o n  and 
Washed w ith  h o t  d i s t i l l e d  w a te r .  T^e p r o te in  c o n te n t o f th e  
f i l t r a t e  was e s tim a te d  by th e  Folin-L ow ry method and th e  a u to c la v in g  
re p e a te d  u n t i l  no f u r t h e r  p ro te in  was s o lu b i l i s e d .  The washed 
re s id u e  was th e n  ly o p h i l i s e d .
c )  Hot A lkali T reatm ent ( I 7 )
D e fa tte d  bov ine  ligam entum  nuchae was powdered i n  a hammer m iH
and th e  50 -  100 mesh (For u se  in  th e  p u r i f i c a t i o n  of c o l la g e n a se
by a f f i n i t y  chrom atography) and 100 -  200 mesh f r a c t io n s  c o l le c te d .
24.
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The two f r a c t io n s  were suspended i n  O.IN NaOH w hich was b o ile d  
under r e f lu x  f o r  45 m in u te s . The su sp e n sio n  was coo led  to  room #
te m p e ra tu re , n e u t r a l i s e d  w ith  IN HCl, and th e  in s o lu b le  m a te r ia l  
c o l le c te d  by f i l t r a t i o n ,  washed e x h a u s tiv e ly  w ith  w a te r  and 
ly o p h i l i s e d .
The I s o l a t i o n  o f In s o lu b le  E la s t in  From Bovine A orta
a )  C o llag en ase  in  c o n ju n c tio n  v.dth G uanidine
H y d ro ch lo rid e  and D i th i o th r e i to l
p o r ta e  w ere removed from  th e  c a rc a s se s  o f th r e e -y e a r  o ld  
c a t t l e  w i th in  a  few hours o f  th e  d ea th  o f th e  a n im a ls . The tu n ic a  
media was i s o la te d  by d is s e c t io n  from  th e  descen d in g  a o r ta  and 
d iv id e d  in to  sm a ll p ie c e s  w hich w ere hom ogenised in  ic e - c o ld  O.IM 
T ris  (pH 7*4) u s in g  a W aring b le n d e r . The homogenate was d ra in e d  
and suspended in  5M g u an id in e  h y d ro c h lo r id e  (62) in  O.IM T r is  (pH
7 . 4 ) and th e  su sp e n sio n  s t i r r e d  a t  4 f o r  24 h r s .  The in s o lu b le  
m a te r ia l  was th en  c o l le c te d  by c e n t r i f u g a t io n ,  and resuspended  in  
f r e s h  5M g u an id in e  h y d ro c h lo r id e  in  T r i s .  The e x t r a c t io n  was 
c o n tin u e d  f o r  a t o t a l  o f te n  24 h r  p e r io d s  a f t e r  w hich th e  re s id u e  
was c o l le c te d  and suspended in  $M g u an id in e  h y d ro c h lo r id e  in  O.IM 
T ris  (pH 7. 4 ) c o n ta in in g  O .4# EDTA fo r  tre a tm e n t w ith  d l t h io th r e i to L .  
B efore a d d i t io n  o f d i t h i o t h r e i t o l ,  to  a c o n c e n tra t io n  o f 0.05M,
t h e /
25- .«r
th e  su sp e n sio n  was degassed  under reduced  p re s s u re  and p la c e d  
under a  n i t r o g e n  b a r r i e r .  The e x t r a c t io n  was alla-ved  t o  proceed  
f o r  24 h rs  a t  37 *C b e fo re  th e  r e s id u e  was c o l le c te d  by c e n t r i f u g a t io n  , 
washed w ith  5M g u an id in e  h y d ro c h lo r id e  in  T r is  c o n ta in in g  EDTA, 
and s u b je c te d  to  a f u r th e r  24 h r  e x t r a c t io n  w ith  d i t h i o t h r e i t o l .
The e x t r a c te d  m a te r ia l  was th en  c o l le c te d  and washed w ith  5M g u an id in e  
h y d ro c h lo r id e  in  T ris  fo llo w ed  by 2M NaCl and HpO p r io r  to  
ly o p h i l i s a t io n .
A liq u o ts  o f th e  ly o p h i l i s e d  m a te r ia l  w ere th e n  t r e a te d  w ith  
c o lla g e n a se  w hich had been p u r i f i e d  by a f f i n i t y  chrom atography.
As in j the c a se  o f  th e  m a te r ia l  from  ligam entum  nuchae th e  d ig e s t io n
s
Was perform ed i n  IQraM CaCl? a t  an enzyme to  re s id u e  r a t i o  of 
ap p ro x im ate ly  1 : 1000, u s in g  a  R adiom eter pH S ta t  assem bly  to  m ain­
t a i n  th e  pH a t  a  v a lu e  o f  7 ,5  d u rin g  th e  d ig e s t io n ,  th e n  d ig e s t io n  
was com plete ( a f t e r  ap p ro x im a te ly  8 -  h rs  a t  37*0 ) and a d d i t io n  o f  
a sm a ll amount ef..'co llagenase  produced  no ev idence  o f  f u r th e r  d ig e s t io n ,  
th e  re s id u e  was c o l le c te d  by c e n t r i f u g a t io n  and washed w ith  5M 
g u an id in e  h y d ro c h lo r id e  i n  O.IM T ris  (pH 7 *4 ), 2M NaCl and w a te r .
The washed r e s id u e  was th e n  t r e a te d  w ith  c o lla g e n a se  under th e  same 
e x p e rim en ta l c o n d itio n s  as b e fo re .  Mien th e re  was no in d ic a t io n  
o f d ig e s t io n ,  th e  in s o lu b le  m a te r ia l  was c o l le c t e d ,  washed w ith  
g u a n id in e , NaCl and w a te r ,  and ly o p h i l i s e d .
b )  Hot A lk a li T rea tm en t ( I 7 )
A sam ple of a o r t i c  e l a s t i n ,  p u r i f i e d  w ith  g u a n id in e ,
d i t h i o t h r e i t o l /
;d i t h i o t h r e i t o l  and c o lla g e n a se  as d e sc r ib e d  above, was s u b je c te d  
to  tre a tm e n t w ith  h o t  a l k a l i  in  o rd e r  to d e term ine  b o th  th e  q u a n tity  
o f  m a te r ia l  s o lu b le  under th e se  c o n d itio n s  and th e  e f f e c t  of t h i s  
w id e ly  used  p u r i f i c a t i o n  p ro ced u re  upon th e  chem ica l i n t e g r i t y  of -■
th e  p r o te in .
A known w e ig h t o f  e l a s t i n  was suspended in  O.IN NaOH w hich 
was b o ile d  under r e f lu x  f o r  45 m in u te s . The su sp e n sio n  was coo led  
t o  room te m p era tu re  and n e u t r a l i s e d  w ith  INHGl* The in s o lu b le  
m a te r ia l  was c o l le c te d  on a w eighed ’T e f lo n ’ f i l t e r ,  t h o r o u ^ l y  
washed on th e  f i l t e r  w ith  d i s t i l l e d  w ate r and th e n  d eh y d ra ted  w ith  ÿ
'àethano l;acetone and f i n a l l y  d ie th y l  e th e r .  The w eigh t o f  th e  a i r -  -a





a ) .  Amino Acid Analysis
Samples fo r  atmino a c id  a n a ly s is  w ere h y d ro ly sed  in  c o n s ta n t -  
b o i l in g  HCl ( ’A r i s t a r '  g ra d e , B .D .H .) (2 ml a c id  p e r  1 mg sam ple) 
a t  110 *C under n i t r o g e n  in  s e a le d  tu b es  fo r  24 , 36 and 72 h r s .
Only t h a t  p a r t  o f th e  tu b e  c o n ta in in g  l i q u id  was immersed in  th e  o i l -  J 
b a th ,  thus a llo w in g  r e f lu x  from  th e  upper w a l l s .  Samples w hich 
proved to  have a ten d en cy  to  c h a r  w ere d is s o lv e d  by t e s t i n g  th e  tu b e  
in  a h o t w a te r  b a th  b e fo re  h y d ro ly s is  a t  110°C. H y d ro ly sa tes  w ere
ta k e n /
27. !
ta k e n  to  d ryness  by r o ta r y  e v a p o ra tio n  a t  40*0 and l e f t  o v e r­
n ig h t  under reduced  p r e s s u r e  in  th e  p re sen ce  o f  NaOH p e l l e t s .
Amino a c id  an a ly sé s  w ere perfo rm ed  on bo th  a J e o l  JLG -  6AH and #
a L o ca rte  ( s in g le  column o p e ra t io n )  amino a c id  a n a ly s e r .  S tan d a rd  
c o lo u r  v a lu e s  f o r  th e  m a jo r i ty  o f  amino a c id s  w ere o b ta in ed  from  
th e  chrom atography o f s u i t a b l e  volumes of a  s ta n d a rd  s o lu t io n  o f  Ç
amino a c id s  (Sigma (London) Chem ical C o ., L td .)  Amino Acids 
w ere q u a n t i ta te d  m anually  from chrom atogram s, r a th e r  than  by th e  
use  of an i n t e g r a t o r .
H ydroxypro line  was a l s o  e s tim a te d  in d e p e n d e n tly  on p r o te in  "4
h y d rc jly sa tes  by th e  c o lo r im e tr ic  p rocedu re  of B lum enkrantz and 
Asboe-Hansen (63), iu  w hich h y d ro x y p ro lin e  i s  o x id ise d  by p e r io d ic  
a c id  in  a  s t r o n g ly  a c id  medium. The chromogen so  formed i s  e x t r a c te d  
from  th e  r e a c t io n  m ix tu re  w ith  o rg an ic  s o lv e n ts  and co up led  w ith  
p -  d im ethylam inobenzaldehyde to  produce a s t a b l e  chromophore w ith  
an a b so rp tio n  maximum a t  565 nm. N e ith e r  p r o l in e  n o r  h y d ro x y ly s in e  
a re  o x id ise d  in  th e  a c id  medium and co n se q u e n tly  produce no i n t e r ­
fe re n c e .
b ) E s tim a tio n  o f Hexos amines
For hexos amine e s t im a tio n  sam ples w ere h y d ro ly sed  in  4N HCl 
(2 ml p e r  1 mg o f sam ple) under n i t ro g e n  in  s e a le d  tu b e s  a t  110°C.
A fte r  8 h rs  th e  pH of th e  h y d ro ly s a te  was a d ju s te d  to  a val.ue o f 9 
w ith  NaOH s o lu t io n  and th e  to t a l  hexos amine c o n te n t determ ined  
accord ing , to  th e  p ro ced u re  o f C essi and P i l ie g o  (6 4 ) , in  w hich th e
reac tio n /
28. I
'
-■ i )  Gas Chrom atography
I t  was found t h a t  i f  a w hole p ro te in -h y d ro ly s a te  was 
su b je c te d  to  th e  v a r io u s  p r e p a ra t iv e  p ro ced u res  n e c e s s a ry  t o  form
v o l a t i l e /
ir e a c t io n  o f l i b e r a t e d  hexosam ine w ith  a c e ty l  ace to n e  a t  pH 9*3 y ie ld s  a v o l a t i l e  chromogen which i s  d i s t i l l e d  from  th e  r e a c t io n  
m ix tu re  to  g iv e  a chrom ophore (a b s o rp tio n  maximum a t  545 nm) on 
r e a c t io n  w ith  p -  d im ethy lam inobenzaldehyde. This method i s  
in s e n s i t i v e  to  in t e r f e r e n c e  by n e u t r a l  su g a rs  as th e  chromogens 
formed by amino a c id s  in  th e  p re sen ce  o f g lu co se  a re  n o n - v o la t i l e .
S o lu tio n s  o f g a lac to sam in e  h y d ro c h lo r id e  and g lucosam ine 
h y d ro c h lo r id e  (S igna (London) Chem ical C o ., L td .)  w ere used  to  
p re p a re  s ta n d a rd  c u rv e s . ^
G alac tosam ine and Glucosamine w ere a ls o  q u a n t i ta te d  on a 
L o ca rte  amino a c id  a n a ly se r  ( s in g le  column o p e r a t i r n ,  when th e y  
w e re ie lu te d  in  th e  re g io n  o f  ty r o s in e  and p h e n y la la n in e ).
H ydro ly sis  of sam ples was perform ed in  4N HCl a t  1 1 0 °C f o r  Ô h rs  
in  s e a le d  tu b e s  under n i t r o g e n .  H ydro ly sa tes  w ere tak en  to  d ry n ess  
by r o ta r y  e v a p o ra tio n  a t  40°C and stored o v e rn ig h t a t  reduced
p re s s u re  o v e r NaOH p e l l e t s  b e fo re  a n a ly s i s .  S tan d a rd  chrom atogram s I
%were o b ta in e d  u s in g  s u i t a b le  volumes o f  a  s o lu t io n  o f g a la c to sa m in e : |
h y d ro c h lo r id e  and g lucosam ine h y d ro c h lo r id e  o f Imovn c o n c e n tra t io n .
c )  E s tim a tio n  o f  N e u tra l su g a rs
N e u tra l su g a rs  w ere determ ined  by bo th  a  gas chrom atograph ic  
and a  c o lo r im e tr ic  te c h n iq u e .
sI
-f
v o l a t i l e  d e r iv a t iv e s  of hexos es s u i t a b le  f o r  gas ch rom atograph ic  
e s t im a tio n  s e r io u s  in t e r f e r e n c e  was produced by th e  amino a c id s .
To overcome t h i s ,  th e  p ro ced u re  o f A n a s ta s s ia d is  and Corotioq (65) 
v/as ad o p ted  to  remove bo th  amino ac id s  and hexos amines from  th e  
p r o te in  h y d ro ly s a te .
Samples fo r  hexose d e te rm in a tio n s  w ere p la c e d  in  th ick -^w alled  
g la s s  tu b e s  to  w hich was added 10 ml of a 20# (w eight by volume ) 
su sp e n sio n  o f Dowex AG 50W x  8 (H + Form) (Bio-Rad L a b o ra to r ie s )  
i n  0 .05  NHCl. H y d ro ly s is  was p e rfo rm e d ‘a t  105*0 f o r  24 h rs  a f t e r  
w hich th e  su sp e n sio n  was q u a n t i t a t iv e l y  t r a n s f e r r e d  to  a g la ss  i
I f .
column (1 .2  cm x  30 cm) w ith  a  g la s s  s i n t e r  a t  trie low er end . g
N e u tra l su g a rs  w ere e lu te d  w ith  50 ml H^O; no a tte m p t was made 
to  i s o l a t e  th e  hexos amines r e ta in e d  on th e  column. The e f f lu e n t  
was ta k en  ty  d ryness  by r o ta r y  ev a p o ra tio n  a t  40*0 .
The i s o l a t i o n  of n e u t r a l  su g ars  from  s im i la r  sam ples was 
a ls o  perform ed by an a l t e r n a t i v e  p ro ced u re  (6 6 ) , th e  p r o te in  b e in g  
h y d ro ly sed  in  6 ml o f  0.5N H^ SO^ f o r  15 h rs  a t  100*0. H? SO, 
was th e n  n e u t r a l i s e d  by th e  a d d i t io n  of a sgburated s o lu t io n  of 
Ba (OHg) and th e  r e s u l t i n g  p r e c i p i t a t e  of BaSO, removed by low 
speed  c e n t r i f u g a t io n .  The c l e a r  s u p e rn a ta n t was a p p lie d  under 
g r a v i ty  to  a column (1 .0  cm x  7 .0  cm) o f Dowex AG 50W x  1 (H + Form) 
(Bio-Rad L a b o ra to r ie s  ) e q u i l ib r a t e d  and e lu te d  w itti HpO. N e u tra l  




by r o t a r y  e v a p o ra tio n .
Sugars w ere e s tim a te d  a c c o rd in g  to  th e  p ro ced u re  o f B h a t t i  
e t  a l .  (67 ) . Hexoses from  th e  sam ple w ere f i r s t  c o n v e rte d , to g e th e r  1
w ith  a  known amount o f p e r s e i t o l  as an i n t e r n a l  s ta n d a rd ,  to  t h e i r  •]
m ethyl g ly c o s id e s ,  from  w hich v o l a t i l e  d e r iv a t iv e s  s u i t a b l e  f o r  gas 
chrom atograph ic  a n a ly s i s  w ere formed by t r i m e t h y l s i l y l a t i o n .
The gas chrom atograph u sed  was a Pye s e r i e s  104 in s tru m e n t ÿ
equipped w ith  hydrogen flam e io n i s a t io n  d e te c to r s  and coupled  to  
a P h i l ip s  8000 r e c o rd e r .  Dual column o p e ra tio n  was u se d , th e  g la s s  
chrom atograph ic columns (27O cm x  0 .6  cm) b e in g  packed w ith  3 . 8# 
o f SE t  30 on D ia to p o rt S (H ew le tt-P ackard  L t d . ,  S lough , B ucks). MI IO pera tin g  c o n d itio n s  w e re :-  1
C a r r ie r  gas ; Argon (45 m l/ m in u te )
Column te m p e ra tu re : programmed from I 4O °C to
200*C a t  0 . 5*C /m inu te , th e  
upper l i m i t  b e in g  h e ld  u n t i l  . 4
th e  l a s t  peak em erged.
A s ta n d a rd  s o lu t io n  o f v a r io u s  su g ars  w ere p re p a re d  f o r  
d e r iv a t i s a t i o n  and gas chrom atography and a llow ed  th e  id e n t i f i c a t i o n  
and q u a n t i t a t io n  of hexos es from p ro te in  sam p les.
i i ) .  C o lo r im e tr ic  .Analysis
The an th ro n e  te c h n iq u e  (68) was used  fo r  the  c o lo r im e tr ic  
d e te rm in a tio n  o f h exose s . h. amino a c id s  can cause in te r f e r e n c e  in
t h i s /
31.
a /
t h i s  p ro c e d u re , n e u t r a l  su g a rs  w ere a g a in  i s o la te d  by th e  method
C  o <v- >v\.fe *''■
of A n a s ta s s ia d is  and Clamp (65)* S tan d a rd  curves were p rep a red  
u s in g  s o lu t io n s  o f e i t h e r  g lu co se  o r  g a la c to s e  o f known c o n c e n tra ­
t i o n .
d ) Amino end-group Analysis
i )  2 -  ch lo ro  -  3 ,5  -  d in itro p y r id in e  method.
A m od ified  v e r s io n  o f th e  p rocedu re  d e s c r ib e d  by S ig n o r e t  a l  
(69) was adop ted  f o r  th e  e s t im a tio n  of N -  T erm inal r e s id u e s  in  
e l a s t i n . P r e l i m i n a r y  experim en ts  in d ic a te d  th a t  d i f f u s io n  of 
re a g e n t in to fth e  i n t e r i o r  o f  p r o te in  p a r t i c l e s  became th e  r a t e  
l im i t in g  s te p  o f th e  co n d en sa tio n  i f  m a te r ia l  m t h  a p a r t i c l e  s i z e  
g r e a te r  th an  150 m icrons was s u b je c te d  to  amino end-group a n a ly s i s .
As v e ry  f in e l y  powdered e l a s t i n  p roved  in c o n v e n ie n t to  h a n d le  the 
100 -  200 mesh f r a c t i o n  (79 -  149 m icron p a r t i c l e  d ia m e te r)  was 
s e le c te d  f o r  us e in  N -te rm in a l d e te rm in a tio n s .  As 2 -  c h lo ro  -
3 ,5  ~ d in i t r o p y r id in e  sp o n tan eo u s ly  h y d ro ly se s  under the ex p e rim e n ta l 
c o n d itio n s  used  in  th e  co n d en sa tio n  p ro ced u re  th e  reagent.was added 
in  two a l iq u o ts  to  th e  p r o te i n ,  w ith  a p e r io d  o f 8 h rs  between th e  
a d d i t io n s .
An a l iq u o t  (100 rag) o f protein was suspended in  6 ml o f 50#
(volume by volum e) e th a n o l c o n ta in in g  2 .5 #  NaHCOo. hhen th e  p r o te in  
was f u l l y  e q u i l ib r a te d  1 .5  ml of th e  re a g e n t s o lu t io n  -  2 -0 1 -3 ,5  -  ®
d in i t r o p y r id in e  (B .D .H ), 2# w eig h t by volume in  e th a n o l -  was addæd $
and th e  su sp e n sio n  shaken in  th e  d a rk  a t  room te m p e ra tu re . A fte r  8 h rs
'i
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reco v e red  by c e n t r i f u g a t io n ,  washed w ith  e th a n o l and a i r  d r ie d .'V
The Sample was th en  h y d ro ly sed  in  3N HCl c o n ta in in g  49# Formic
a c id  (by volum e) f o r  45 m inu tes a t  1 0 0 *C, when th e  d in i t r o p y r id y l
p r o te in  co m p le te ly  d is s o lv e d .  The h y d ro ly sa te  was ta k e n  t o  d ryness
by r o ta r y  e v a p o ra tio n  a t  40*C and l e f t  in  th e  p re se n c e  of p e l l e t s
o f  NaOH f o r  16 h rs  i n  th e  d ark  under reduced  p r e s s u r e .  W ater (6 m l)
was added, th e  pH a d ju s te d  to  a  v a lu e  of 2 and th e  s o lu t io n  e x t r a c te d
s i x  tim es w ith  one volume o f e t i iy l  a c e ta t e .  The p o o led  e x t r a c ts
w ere d eh y d ra ted  over anhydrous NâgSO^, f i l t e r e d  and ev ap o ra ted  to
d ry n e ss . The r e s id u e  was d is s o lv e d  i n  1 ml o f  30# (w eight by
volum e) HH^ O^H and , w ith  th e  a id  o f fo u r  1 ml washes o f  NH^OH,
q u a n t i t a t iv e l y  t r a n s f e r r e d  to  a th ic k  w a lled  g la s s  tu b e . Loss
of ammonia from  th e  NH OH s o lu t io n  was m inim ised d u r in g  th e se4
o p e ra tio n s  by c h i l l i n g  th e  g la ssw are  in  ic e - b a th s .  The s o lu t io n  
o f d in i t r o p y r id y l  amino a c id s  i n  NH OH was f ro z e n  in  l iq u id  n i t r o g e n4
and the  tube c a r e f u l ly  s e a le d  under reduced  p r e s s u r e .  R eg en e ra tio n  
o f f r e e  amino a c id s  from  t h e i r  d in i t r o p y r id y l  d e r iv a t iv e s  was 
perform ed in  th e  dark  a t  1 0 0 °C f o r  35 m inutes (? 0 ) . The tu b e  was 
th e n  c o o le d , opened and th e  s o lu t io n  q u a n t i t a t i v e l y  t r a n s f e r r e d  to  
a round-bottom ed f l a s k  and tak en  to  d ryness  by r o ta r y  e v a p o ra tio n .
T he/
7-uddl
a f u r th e r  1 .5  ml a l iq u o t  o f th e  re a g e n t s o lu t io n  was added and 
th e  r e a c t io n  a llow ed  to  p ro ceed  f o r  an a d d i t io n a l  16 h r s .  The 
r e a c t io n  m ix tu re  was th e n  a c i d i f i e d  (pH 2 -3 )  w ith  IN HCl, th e  f;
e th a n o l removed by r o ta r y  e v a p o ra tio n , and d in i t r o p y r id y l  -  p r o te in
a
" I l  
I
I
The re s id u e  was d is s o lv e d  in  20 ml H^O and r e a c t io n  b y -p ro d u c ts  d
Ï
removed by e x t r a c t io n  w ith  e th y l  a c e ta t e ,  f i r s t l y  a t  n e u t r a l  pH d
and th e n ‘a t  pH 4* The e x t r a c t io n s  were co n tin u ed  u n t i l  a 
c o lo u r le s s  e x t r a c t  was o b ta in e d , and th e  e x t r a c te d  s o lu t io n  th en  
ta k en  t o  d ry n e s s .
F ree  amino a c id s  w ere i d e n t i f i e d  and q u a n t i ta te d  on a L o ca rte  
amino a c id  a n a ly se r  ( s in g le  c o lu m  o p e ra t io n ) .
To e s t a b l i s h  w hether a l l  f r e e  N -tf^ r i in a l groups lo c a te d  w ith in  4
th e  com pact s t r ’u c tu re  o f  th e  p r o te in  had r e a c te d  w ith  2 -  Cl -
3,5 -  d ir i t r o p y r id in e ,  an a l iq u o t  (100 mg) o f e l a s t i n  ( i s o la te d  
w ith  c o l la g e n a se  p u r i f i e d  by chroma to graphy on G200 and DEAE c e l lu lo s e )
#
was e q u i l ib r a te d  w ith  d im eth y l su lp h o x id e  -  5# NaHCO  ^ (1 :1  by 4
d
volum e). 2 q  Cl -  3 ,5  -  d in i t r o p y r id in e  was th en  added to  g iv e  a  1
d0 ; 1 # s o lu t io n  (w eigh t by volum e) and the  r e a c t io n s  a llow ed  to  p roceed  '%
f o r  2 h rs  in  th e  d a rk  a t  room te m p e ra tu re . The re co v e ry  o f d i n i t r o ­
p y r id y l  -  e l a s t i n ,  th e  i s o l a t i o n  o f d in i t r o p y r id y l  amino a c id s ,  and 
t h e i r  r e g e n e ra t io n  and q u a n t i t a t io n  were c a r r i e d  o u t as p re v io u s ly  
d e s c r ib e d ,
i i ) ,  C yanate P rocedure
As a check on th e  e f f ic ie n c y  o f th e  2 -  c h lo ro  -  3 ,5  -  
d in i t r o p y r id in e  method of amino end-group e s t im a tio n  a sam ple of 
e l a s t i n ,  p re p a re d  by th e  u se  o f  c o lla g e n a se  p u r i f i e d  by chrom ato­
graphy on G200 and DEAE c e l lu lo s e ,  was s u b je c te d  to N -te rm in a l
a n a l y s i s /
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a n a ly s i s  by a m o d ified  v e r s io n  of th e  cy an a te  p roced u re  o f S ta rk  
and Smyth (? 1 ) .  In  a p re l im in a ry  experim en t an a tte m p t was made 
to  d e term in e  th e  N -te rm in a l p r o f i l e  o f e l a s t i n  u s in g  th e  cy an a te  
p ro ced u re  e x a c t ly  as d e s c r ib e d  by S ta rk  and Smyth, In  t h i s  method 
th e  f r e e  amino fu n c tio n s  o f  a  p ro te in  a re  re a c te d  w ith  cy an a te  to  
y ie ld  a carbam yl p r o te in .  Upon h e a t in g  th e  carbam yl p r o te in  in  
s t ro n g  a c id ,  th e  carbaïoy l groups c y c l i s e  to  the: c o rre sp o n d in g  
h y d a n to in s , w ith  accompanying c leav ag e  o f th e  p e p tid e  bond. The 
r e s u l t i n g  m ix tu re  o f h y d a n to in s , amino a c id s  and p e p t id e s  can be 
f r a c t io n a te d  by p assag e  th ro u g h  a column of th e  hydrogen form  of 
a s t r o n g ly  a c id ic  io n -ex ch an g er such as Dowex 50, when amino a c id s ,  
p e p tid e s  and th e  h y d an to in s  o f  b a s ic  amino a c id s  ( h i s t i d in e  and 
a rg in in e )  a re  r e ta in e d  w h ile  th e  hydan to in s  of o th e r-  amino a c id s  
appear a t  th e  b re a k  th rough  p o in t .  Amino a c id s  a re  re g e n e ra te d  in  
n e a r ly  q u a n t i t a t iv e  y ie ld s  on h e a t in g  th e  h y d an to in s  v à th  0 .2  N 
NaOH, However, in  th e  case  o f e l a s t i n  i t  was found t h a t  th e  h y d an to in s  
e lu te d  from  the  column of Dowex 50 w ere con tam ina ted  by an a c id ic  
p e p tid e (s )  . p a r t i c u l a r l y  r i c h  in  g lu tam ic a c id .  In  th e  p ro c e d u re  
f i n a l l y  adop ted  th is  co n tam in an t was removed by an a d d i t io n a l  
f r a c t io n a t io n  s ta g e  on Sephadex G-15.
Two ml each o f N- e th y lm o rp h o lin e  ( c o lo u r le s s ,  r e d i s t i l l e d  
p re p a ra t io n )  and w a te r  w ere mixed and th e  pH of th e  m ix tu re  a d ju s te d  
to  8 w ith  g l a c i a l  a c e t ic  a c id .  To t h i s  b u f f e r  w ere added 2 .9  g of 
s o l i d ,  r e c r y s t a l l i s e d  g u an id in e  h y d ro c h lo r id e  (62) and th e  f i n a l  
volume a d ju s te d  to  5 ml w ith  w a te r . An a l iq u o t  (100 mg) of e l a s t i n
w a s /
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was suspended in  5 ml o f 6M g u an id in e  h y d ro c h lo r id e  in  a  'T e flo n  ’ 
capped h y d ro ly s is  tu b e , to  w hich was added th e  5 ml o f b u f fe r -  
fo llo w ed  by 500 mg o f KCNO. The carb a m y la tio n  r e a c t io n  was a l l w e d  
to  p ro ceed  to  50*0 o v e rn ig h t w ith  co n tinuous s t i r r i n g .  G la c ia l  
a c e t ic  a c id  (10 m l) was s lo w ly  added w ith  s t i r r i n g  to  th e  r e a c t io n  
m ix tu re  in  o rd e r  to  decompose excess cy an a te  i n to  carbon  d io x id e  
and ammonia. The carbam yla ted  e l a s t i n  was c o l le c te d  by c e n t r i f u g a t io n  
and th o ro u g h ly  washed» f i r s t  w ith  d i s t i l l e d  w a te r ,  th e n  ace to n e  
and f i n a l l y  a i r - d r i e d .  To th e  d r ie d  carbam yle las  t i n  was added 3 mL 
each o f 50# a c e t ic  a c id  and c o n c e n tra te d  h y d ro c h lo r ic  a c id ,  th e  
m ix tu rè  gassed  o u t  w ith  n i t ro g e n  and the  tu b e  t i g h t l y  capped. A fter 
c y c l i s a t i o n  a t  100*0 f o r  1 h r  th e  c o n te n ts  o f th e  tu b e  w ere ev ap o ra ted  
to  d ry n ess  and 0 .0 1  N HCl (1 m l) 'a d d e d  to  th e  r e s id u e ,
A column o f  Dowex 50 W x  2 (H'‘‘ Form, 100 -  200 mesh, Bio-Rad 
L a b o ra to r ie s )  was p re p a re d  in  a  g la s s  tu b e  (1 .0  x  48 cm) f i t t e d  w idi 
a  co a rse  g l a s s - s i n t e r .  The s o lu t io n  of h y d a n to in s , amino a c id s
and p e p t id e s  was p la c e d  on th e  column w ith  the a id  o f th r e e  1 ml 
r in s e s  o f 0 .0 1  N HCl. The column was th e n  developed  w ith  O.OIN 
HCl a t  1 8 *C and a flow  r a t e  o f 36 m l/L . The e f f lu e n t  was m on ito red  
by scan n in g  u l t r a v i o l e t  sp ec tro p h o to m e try  and th e  f i r s t  72 ml 
c o l le c te d  and ev ap o ra ted  to  d ry n e ss . The r e s id u e ,  c o n s i s t in g  o f  
h y d an to in s  to g e th e r  w ith  a co n tam in a tin g  p e p tid e ^ ^  , ,  was r e ­
d is s o lv e d  in  3 oil o f 0.02N NH^ OH and lo a d ed  on to  a  column (1 .6  x  




a t  a flow  r a t e  o f 7 Ril/^ a t  1 6 ®C. As b e fo re ,  th e  coltumi e f f lu e n t  
was m o n ito red  by  scan n in g  u l t r a v i o l e t  sp e c tro p h o to m e try  and th e
-'a
éyh y d an to in s  c o l le c te d  betw een I 30 ml and I 50 ml (Void volume •  62 m l) . |
The poo led  f r a c t io n s  w ere tak en  to  d ry n ess  and th e  f r e e  amino a c id s  
.re g en e ra ted  in  2 ml o f  0 .2  N NaOH a t  110 C f o r  20 h r s .  A fte r  th e  
re g e n e ra tio n  NaOH was n e u t r a l i s e d  w ith  IN HCl and th e  s o lu t io n  
ev ap o ra ted  to  d ry n e s s . Amino a c id s  were th e n  id e n t i f i e d  and 
q u a n t i ta te d  on a L o c a r te  amino a c id  a n a ly se r  ( s in g le  column o p e r a t io n ) .
e ) .  E s tim a tio n  o f A cety l Groups
A gas ch rom atograph ic  p ro ced u re  was ad op ted  f o r  th e  d e te c t io n  
and e s t im a t io n  o f a c e ty l  groups i n  e l a s t i n  I s o la te d  from  bov ine 
ligam entuin nuchae by th e  use  o f c o l la g e n a s e ,  p u r i f i e d  by a f f i n i t y  
chrom atography, in  c o n ju n c tio n  w ith  g u an id in e  and d i t h i o t h r e i t o l .
A lthough 6N HCl may be used  to  c c n v e r t  p r o te in  a c e ty l  groups 
to  a c e t i c  a c id  (72) has th e  advan tage th a t  many p r o te in s ,
d i f f i c u l t  t o  d is s o lv e  in  HCl, o f te n  prove e a s i l y  s o lu b le  in  12N 
H^SOj^, which may th e n  be d i l u te d  to  6N, As r a th e r  la r g e  a l iq u o ts  
(40 mg) of e l a s t i n  (100 200 mesh f r a c t i o n )  were to  be h y d ro ly sed
t h i s  te c h n iq u e  was ad o p ted  and th e  p ro te in  was f i r s t  d is s o lv e d  
in  warm 12N H SO (0 .2 5  m l) to  which was th e n  added 0 .2 5  ml H„0.2 4  2
In  t h i s  way i t  was p o s s ib le  to  h y d ro ly se  th e  p r o te in  in  sm a ll volumes 
o f a c id  w ith  no  o ccu rren c e  o f c h a r r in g .  H y d ro ly s is  was perform ed 
under n i t ro g e n  in  s e a le d  tu b es  a t  106°C f o r  16 h r s .  (7 3 ) . The 
tu b e  was p o s i t io n e d  such  th a t  on ly  th e  l i q u id  c o n ta in in g  p o r t io n  
was submerged in  th e  o i l  b a th ,  th u s  a llo w in g  re flu x : from th e  upper 
w a l l s •
/  A f te r /
A f te r  h y d r o ly s is ,  th e  tu b e  was coo led  in  an ic e -b a th  and 
c e n tr ifu g e d  to  remove l i q u id  d ro p le ts  from  th e  w a l l s . 100 mg of
anhydrous NapSO, and 0 .5  ml o f  t e r t - b u t y l e t h y l  e th e r  (Eastman 
Kodak) w ere th e n  added . The e x t r a c t io n  o f a c e t ic  a c id  i n t o  th e  
e th e r  was f a c i l i t a t e d  by s t i r r i n g  o f th e  m ix tu re  on a  v o r te x -  
s t i r r e r .  The tu b e  was th en  c e n tr ifu g e d  a t  lov'.' speed  in  o rd e r  to  
o b ta in  a c l e a r  s e p a ra t io n  o f  th e  aqueous and o rg an ic  p h a se s . The 
t e r t - b u t y l e t h y l  e th e r  was removed w ith  a P a s te u r  p ip e t te  which 
had been drawn to  a f in e  t i p  and th e  e th e r  t r a n s f e r r e d  to  a s m a l l ,  
s to p p e re d  v i a l  c o n ta in in g  3OO mg o f anhydrous NapSO,• bwo more-  4
e x t r a c t io n s  w ere perform ed and th e  poo led  e x t r a c ts  d r ie d  over 
Na^SO^ f o r  ap p ro x im a te ly  3O m inutes p r i o r  to  gas chrom atography ( 72) 
The gas chrom atography was perform ed w ith  a Pye s e r i e s  IO4 
in s tru m e n t equipped w ith  a hydrogen flam e io n i s a t io n  d e te c to r  and 
coupled  to  a P h i l ip s  PM 6000 re c o rd e r .  The g la ss  chrom atograph ic  
column (0 .6  cm x  150 cm) was packed w ith  Porapak Q (W aters A sso c ., 
I n c . ,  Framingham., U .S .A .) , a p o ly a ro m atic  p o ly n e r in  beaded form ,
100 -  120 m esh, p rep a red  from  e th y lv in y lb e n z e n e  w ith  d iv in y lb e n z e n e  
as a  c r o s s - l in k e r .  The beads w ere washed on a s in te r e d - g la s s  
fu n n e l w ith  e th a n o l and c o a te d  w ith  a  chloroform , s o lu t io n  c o n ta in in g  
10 g o f carbowex 20M -  t e r e p h th a l ic  a c id  p e r  100 ml (73)*
O p era tin g  c o n d itio n s  w ere :
C a r r ie r  g a s : Argon (45 i r i l /m in u te )
Column te m p e ra tu re : 192*C (th e  column was co n d itio n ed
a t  230®’f  f o r  1 h r . )
D e te c to r /
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D e te c to r  c e l l  te m p e ra tu re : 240°C
R eference  s ta n d a rd s  w ere p re p a re d  by d i l u t i n g  m easured 
volumes o f g l a c i a l  a c e t ic  a c id  in to  t e r t - b u t y l e t h y l  e th e r  so  
t h a t  4 - 5 / i l  o f in je c te d  sam ple c o n ta in e d  th e  d e s ir e d  amount of 
a c e t ic  a c id .  Ovalbumin (Sigma (London) Chem ical C o ., L td .)  was 
used  as  a t e s t  p r o te in .
T his p ro ced u re  was a l s o  s u i t a b le  f o r  th e  e s t im a t io n  o f 
p ro p io n y l and b u ty ry l  g roups in  the p r o te in ,  Formiyl groups 
cou ld  n o t ,  how ever, be estim ated  as form ic a c id  c o in c id e d  w ith  
a component of th e  t e r t - b u t y l e t h y l  e th e r  s o lv e n t .
i Removal o f N -Term inal B locking  Groups
a ) .  T rea tm en t o f E la s t in  w ith  Sodium H ydrox ide,
Under M ild E x p erim en ta l C o n d itio n s .
b a n  a tte m p t t o  f r e e  th e  N -te rm in a l r e s id u e  o f m a tu re , in s o lu b le  
e l a s t i n  from  p o s s ib le  a l k a l i - l a b i l e  groups w ith  t h e 'minimum' r i s e  in  
th e  background l e v e l  o f am ino-end g ro u p s , sam ples o f bo th  a o r t i c  
and n u ch a l lig am en t e l a s t i n  ( i s o la te d  by th e  use  o f c o l la g e n a s e ,  
p u r i f i e d  by a f f i n i t y  chrom atography, in  c o n ju n c tio n  w ith  g u an id in e  
and d i t h i o t h r e i t o l )  w ere su b je c te d  to  th e  a c t io n  o f  d i l u t e  a l k a l i  
under m ild  e x p e rim e n ta l c o n d i t io n s .
A liquo ts  o f e l a s t i n  were suspended in  d io x a n -w a te r  (3 :1  by 
volum e) c o n ta in in g  0.25N NaOH and s t i r r e d  fo r  1 h r  a t  16°C. The
r e s id u e /
39. ■H
e l a s t i n  sam ples w ere th e n  a i r - d r i e d .
I
yS
r e s id u e  was c o l le c te d  by f i l t r a t i o n ,  suspended in  w a te r  and 
n e u t r a l i s e d  w ith  IN HCl, washed w ith  w a te r and ly o p h i l i s e d .
S im ila r  sam ples o f l ig a m e n t e l a s t i n  were t r e a te d  i n  th e  same |
way w ith  a more c o n c e n tra te d  sdb .tion  of NaOH in  aqueous d ioxan  
(O .5N NaOH in  d ioxan  -  H^O, 1 :1  by v o lim e) .
I
b ) T reatm ent o f E la s t in  w ith  M ethanolic Hydrogen C h lo rid e
In  an a tte m p t to  remove p o s s ib le  a c i d - l a b i l e  m asking groups y
from  th e  N -te rm in a l r e s id u e  o f m a tu re , in s o lu b le  e l a s t i n  th e  p ro te in  
was exposed to  th e  a c t io n  o f HCl under m ild  ex p e rim en ta l c o n d i t io n s ,  
chosen so as to  m in im ise th e  c leav ag e  o f p e p tid e  bonds by th e  a c id  
and th e  accompanying in c re a s e  in  th e  background l e v e l  of am ino- 
end groups ,
Samples o f ligam entum  nuchae e l a s t i n  ( i s o la te d  by th e  u se  o f  
c o lla g e n a s e , p u r i f i e d  by a f f i n i t y  chrom atography, in  c o n ju n c tio n  
w ith  g u an id in e  and d i t h i o t h r e i t o l )  were suspended in  m ethano l •
( 'A r i s t a r *  g ra d e , B.D.H. The m ethanol was d r ie d  by r e f lu x in g  over 
ca lc iu m  o x ide  f o r  s e v e r a l  h o u rs )  c o n ta in in g  anhydrous hydrogen 
c h lo r id e  a t  a c o n c e n tra t io n  o f I . 5N. 8'u spensions w ere m a g n e tic a lly  'Q
s t i r r e d  in  v e s s e ls  equipped  w ith  w a te r tr a p s  f o r  p e r io d s  ra n g in g ■ ifrom  30 to  240 m in u te s . A fte r  tre a tm e n t w ith  m e thano lic  -  HCl q
■re s id u e s  w ere c o l le c te d  on 'T e l f lo n ’ f i l t e r s  and th o ro u g h ly  washed #
Iw ith  d r ie d  m ethanol u n t i l  th e  pH o f th e  w ash in g s , when d i lu te d  w ith  
an eq u a l volume of # a t e r , had a v a lu e  no low er th a n  5* The I
S im i la r /
40.
■ E le c tro n  M icroscopy
E la s t in  w hich had been i s o la t e d  from  bov ine  ligam entum  nuchae 
by th e  use  of c o l la g e n a s e ,  p u r i f i e d  by a f f i n i t y  chrom atography , in  
co n ju n c tio n  w ith  g u an id in e  and d i t h i o t h r e i t o l  was f i n e l y  powdered 
in  a  v ib r a t in g  a g a te  b a l l - m i l l  (V ib ro m ill, RIIC) f o r  t h i r t y  
1 -m inu te  p e r io d s .  A liq u o ts  were th e n  s u b je c te d  to  one o f  th e  fo llo v  
in g  tre a tm e n ts  :
a ) .  E l a s t in  (2 mg) was suspended in  2 mis o f 12 mM u ra n y l fo rm a te -  
10 mM o x a lic  a c id  (a d ju s te d  to  pH 6*4 w ith  ammonium h y d ro x id e ) (74 )
and sp read  o n to  c a rb o n -c o a te d  g r id s .
b ) .  To f a c i l i t a t e  d i f f u s io n  o f th e  s t a i i  in to  th e  i n t e r i o r  o f th e  
specim en, e l a s t i n  was sw o lle n  f o r  10 m inutes in  d im e th y l su lp h o x id e
(5 9 ,6 0 ) c o n ta in in g  1% u ra n y l  fo rm a te . Ten volumes o f  12 mM
u r a n y l /
IS im ila r  a l iq u o ts  o f  e l a s t i n  w ere suspended in  m e th an o l, w hich 
had n o t  been d r ie d  over c a lc  id  m o x id e , ( 'A r i s t a r *  g rade  m e th an o l,
B.D.H. W ater c o n te n t ap p ro x im ate ly  1000 ppm), c o n ta in in g  I . 5N 
HCl and s t i r r e d  f o r  60 m inu tes a t  26*0 and th en  c o l l e c t e d ,  washed i
and d r ie d  as b e fo re .
Amino-end group d e te rm in a tio n s  w ere perform ed on bo th  a l k a l i  
and a c id  t r e a te d  e l a s t i n  sa jn p les , u s in g  th e  2 -  c h lo ro  -  3 ,5  -  %
d in i t r o p y r id in e  m ethod.
u ra n y l fo rm ate  -  10 mM o x a lic  a c id  (pH 6*4) w ere added and a f t e r
1 h r . ,  e l a s t i n  c o l le c te d  by c e n t r i f u g a t io n ,  washed with and re­
suspended in  b u f fe re d  u ra n y l fo rm ate  and fh j ia l ly  sp read  onto  ca rb o n - 
co a ted  g rid so
c ) , A su sp e n s io n  of e l a s t i n  in  water was subjected to n in e ty  
1 -  m inute p e r io d s  o f s o n ic a t io n  (M uUard -  KSE 60 w a t t s ,  ^  20 k c ) ,  
th e  tem peratiu-'e b e in g  c o n t ro l le d  by im e rs io n  in  an ic e - b a th .
The p r o te in  was c o l le c te d  by c e n t r i f u g a t io n ,  suspended in  buffered 
u ra n y l fo rm ate  s o lu t io n  and sp read  on to  c a rb o n -c o a te d  g r id s .
G rids w ere exam ined in  an AEI EM 6B e le c t r o n  m icro sco p e . 
M icrographs were tak en  a t  instrumental m a g iiif ic a tio n s  o f 40?000, 
60,000 and 100 ,0 0 0 , c a l ib r a t e d  u s in g  a d i f f r a c t i o n - g r a t i n g  r e p l i c a .
I n v e s t ig a t io n  o f  th e  M echanical P ro p e r t ie s  
o f  Ligamentum nuchae and p u r i f i e d  e l a s t i n  sam p les .
a ) .  P re p a ra t io n  o f  Samples
S am ll s t r i p s  of t i s s u e  were g e iitly  d i s s o c ia te d  from u n tr e a te d  
bov ine ligam entum  nuchae to  g iv e  specim ens o f f a i r l 2r un ifo rm  
d ia m e te r , betw een 1 mm and 2 mm, and of le n g th s  g r e a t e r  than  1 cm,
A s e le c t io n  o f  th e  s t r i p s  was th e n  washed in  1 /  NaCl f o r  24 h rs  a t  
4°C in  th e  p re se n c e  o f a feu; drops of to lu e n e , fo llo w ed  by s i x  24 hr
e x t r a c t i o n s /
42.
e x t ra c t io n s  a t  U°C in  5M guan id in e  h y d ro c h lo r id e  i n  O.IM T ris  
(pH 7 . 4 ) and two 24 h r  e x t r a c t io n s  a t  37®C in  5M g u an id in e  
h y d ro c h lo r id e  in  O.IM T ris  (pH 7*4) c o n ta in in g  O.O5M d i t h i o t h r e i t o l  
and 0 . 4% EDTA. A fte r  tho rough  w ashing w ith  w a te r  the  s t r i p s  
w ere t r e a te d  w ith  c o l la g e n a se  (p u r i f ie d  by a f f i n i t y  chrom atography).
The d ig e s t io n  was perfo rm ed  in  O.IM T ris  (pH 7*5) c o n ta in in g  
O.OIM CaClg a t  an enzyme to  sam ple r a t i o  of ap p ro x im ate ly  1 :1  000 
and a t  a  te m p e ra tu re  of 37®C f o r  two 24 h r  p e r io d s .  The f la s k s  
w ere shaken r a th e r  th a n  s t in e d  in  o rd e r  to  p re v e n t any m echan ica l 
damage to  the  s t r i p s  and to lu e n e  was added to  i n h i b i t  b a c t e r i a l  
a c t io n .  A fte r tre a tm e n t w ith  co llagene .se  th e  s t r i p s  w ere washed j
w ith  5M g u an id in e  i n  T ris  fo llow ed  by w;ater and a i r - d r i e d .  {
A number o f s t r i p s  w ere w ithdraw n a f t e r  e x t r a c t io n  w ith  I
d i t h i o t h r e i t o l  and w ere n o t t r e a te d  w ith  c o lla g e n a s e ; a ls o  s e v e r a l  
s t r i p s  w ere t r e a t e d  w ith  c o lla g e n a se  b u t w ere n o t e x t r a c te d  w ith  I
g u an id in e  o r  d i t h i o t h r e i t o l .
Each end o f  the  a i r - d r i e d  s t r i p s  was embedded in  epoxy r e s in
and a t ta c h e d  a t  the  same tim e to  a s h o r t  le n g th  of f i n e ,  s i n g l e -
s t r a n d  copper w i r e . A f te r  e q u i l ib r a t io n  in  w a te r  f o r  16 h rs  th e  
.dim ensions o f  each s t r i p  w ere le term ined  w ith  a t r a v e l l i n g  m icro ­
sco p e . The d ia m e te r , a t  2 mm in t e r v a l s ,  and th e  le n g th  o f th e  s t r i p  
w ere m easured and th e  s t r i p  th e n  r o ta te d  on i t s  lo n g  a x is  th rough  
90® and th e  m easurem ents re p e a te d . In  the c a lc u la t io n  of s t r e s s  
and Young's Modulus f o r  each s t r i p  th e  average  of th e se  d ia m e te r  
m easurem ents w/as u sed .
b ) . /
43.
b ) .  Dynamometry
S t r ip s  w ere c a r e f u l ly  s e le c te d  f o r  s t r a ig h tn e s s  and u n ifo rm ity  
o f d ia m e te r . One end of each s t r i p  was co n n ec ted , by means o f a. 
m e ta l c h a in , to  th e  s h a f t  of a m u l t i - tu r n  p r e c is io n  h e l ip o t  
(Beckman In s tru m e n ts  L t d . , )  w h ile  th e  o th e r  end was a t ta c h e d  to  a 
m icro d isp lacem en t myograph tra n s d u c e r  (T^/pe F 10 000, E and H 
Iiis tru m en t C o ., I n c . ,  H ouston, U .S .A .) , The o u tp u ts  o f th e  
h e l ip o t  and tr a n s d u c e r  w ere fe d  in to  th e  X and I  c h a n n e ls , r e s p e c t ­
i v e ly ,  o f an XY re c o rd e r  (Bryans XY/T a u to p lo t t e r  s e r i e s  22000, 
model 22020), This arrangem ent r e s u l te d  in  a d i r e c t  p lo t  o f te n s io n  
and v a r ia t io n  o f specim en le n g th  when th e  h e l ip o t  s h a f t  was ro ta te d .  
E xperim ents were perform ed  in  w a te r  a t  20°C, under th e rm o s ta tic  
c o n t r o l .
X-Ray A nalysis
P u r i f ie d  e l a s t i n  s t r i p s  w ere p rep a red  and mounted on copper 
w ir e ,  as d e s c r ib e d  f o r  m ech an ica l t e s t s ,  and e q u i l ib r a te d  in  w a te r  
o v e rn ig h t. O r ie n ta te d  specim ens were, o b ta in e d  by e x ten d in g  s t r i p s  
by e i t h e r  40^  o r 65^ o f t h e i r  o r ig in a l  re la x e d  le n g th  u s in g  a s l i d i n g  
m e ta l fram e. S t r ip s  w ere a i r - d r i e d  on th e  fram e and , on rem ova l, 
r e ta in e d  th e  e x te n s io n  i n d e f i n i t e l y ,  p ro v id in g  th e y  w ere s to re d  in  
th e  p re se n c e  o f  a d e s s ic a n t ,  such  as s i l i c a p p l .
X -Ray/
kU.
O p t ic a l  P o la r i s a t io n  A nalysis
th ic k n e s s ,  w ere c u t  from e l a s t i n  s t r i p s  ( p u r i f ie d  as d e sc r ib e d  f o r  
m echan ica l t e s t s )  on a c r y o s t a t .  The o p t i c a l  c h a ra c te r  o f  th e  
p r o te in  was in v e s t ig a te d  by exam ination  of th e se  s e c t io n s  u n d er a 
L e i tz  p o la r i s in g  m icroscope equipped w ith  a  Berek com pensator 
( L e i tz ) ,
b ) .  A sm a ll p o r t io n  o f a  p u r i f i e d  e l a s t i n  s t r i p  was e q u i l ib r a te d  
in  w a te r and g e n t ly  te a s e d  a p a r t  u n d er a d i s s e c t in g  m icroscope , 
u n t i l  th e  sm a ll f ib r e s  • (ap p ro x im ate ly  10 m icrons in  d ia m e te r)  o f
w h ic h /
I
:l
X -ray  s tu d ie s  w ere c a r r i e d  o u t  on bo th  ex tended  and unex tended  
sam ples. Wide an g le  and sm a ll  an g le  X -ray  s c a t t e r in g  p a t te r n s  §
w ere o b ta in e d  u s in g  a Warhus cam era w ith  0 .015  in ch  d ia m e te r  p in ­
h o le s  and f i lm  to  sam ple d is ta n c e s  of 46 mm and 3O6 mm r e s p e c t iv e ly .
■ÏThe cam era was ev acu a ted  d u rin g  exposures and th e  s c a t t e r in g  p a t te r n s
ao b ta in e d  w ith  n ic ;* e l - f i l t e r e d  Cuktx r a d ia t io n .  An exposure tim e 
of 12 h rs  was s u f f i c i e n t  f o r  w ide an g le  s c a t t e r in g  p a t te r n s  b u t 
3 days w ere n e c e s s a ry  f o r  sm a ll an g le  ex p o su res .
X -ray  d i f f r a c t i o n  p a t te r n s  were o b ta in e d  by Dr, B. D elf of th e  
D epartm ent o f P h y s ic s ,  U n iv e rs i ty  o f C a r d i f f ,
I




■which the  m a te r ia l  i s  composed w ere s e p a ra te d ,  ‘The f ib r e s  w ere 
d r ie d  and th e n  immersed in  l i q u id s  o f  known r e f r a c t i v e  in d e x . The 
dependence o f  th e  r e l a t i v e  r e ta r d a t io n  o f  th e  f ib r e s  upon th e  
r e f r a c t iv e  in d ex  o f th e  su rro u n d in g  medium was de term ined  u s in g  a 




4P u r i f i c a t io n  o f C o llag en ase
a ) .  Gel and Ion-exchange Chrom atography.
a n d /
I
The e lu t io n  p r o f i l e  of th e  crude c o lla g e n a se  p re p a ra t io n  
(400 mg d is s o lv e d  in  3O ml 5mM T r is  (pH 7*5) -4mEI CaCl^) on 
Sephadex G20Û (5 x  100 cm column) i s  r e p o r te d  in  F ig .2 . The 
brown p igm en t, p r e s e n t  as a  con tam inan t in  th e  u n p u id f ie d  enzyme /
p r e p a r a t io n ,  m ig ra te d  down th e  chrom atograph ic bed as a s in g le  
broad  band w hich was n o t  co m p le te ly  e lu te d  u n t i l  n e a r  th e  bed 
volume o f th e  column. A d e a r ly  s e p a ra te d  peak a t  th e  v o id  volume i
was e v id e n t when th e  f r a c t io n s  w ere m on ito red  by u l t r a v i o l e t  
sp ec tro p h o to m e try , b u t p roved  to  p o ssess  n e i th e r  c a s e in o ly b ic  no r 
c o l la g e n o ly t ic  a c t i v i t y ,  C o lla g e n o ly tic  a c t i v i t y  was p re s e n t  in  1
on ly  one p eak , th a t  o c c u r r in g  as a sh o u ld e r  on the  la r g e  peak  
r e p re s e n t in g  th e  brown pigment. M a te r ia l  with c a s e in o ly t i c  a ctiv ity  
was e lu te d  o n ly  s l i g h t l y  l a t e r  th a n  th e  c o l la g e n o ly t ic  a c t i v i t y  
and some o v e rla p  o c c u rre d  betw een th e  two. No peak c o in c id e n t  with 
th e  c a s e in o ly t ic  a c t i v i t y  was e v id e n t upon ex am ination  o f  th e  
f r a c t io n s  by u l t r a v i o l e t  sp ec tro p h o to m e try .
Those f r a c t io n s  in d ic a te d  i n  F ig ,2 as ly in g  between the two 
arrows w ere p o o led  and s to r e d  a t  4%  u n t i l  th e  co rresp o n d in g  
f r a c t io n s  from  two more f r a c t io n a t io n s  on G200 had been c o l le c t e d .  II
The th r e e  s e t s  o f poo led  fractions were combined and a p p lie d  to  
a column o f DEAE c e l lu lo s e .  As p re v io u s ly  d e s c r ib e d  d ie  column 
was e lu te d  w ith  v a r io u s  b u f f e r  s o lu t io n s  in  a  s te p -w is e  m anner,
:1
P ig .  2 . The e lu t io n  p r o f i l e  of- crude c o lla g e n a se
on Sephadex G-200*
Load: • 400 mgs in  30 ml
B u ffe r : 5 mM T r is  (pH 7 , 5 ) -  4 mM CaCl,
Flow R a te : 22 m l/h
Column s i z e :  5 x  100 cms
O.D. 278 nm
O.D, .573 nm : C o lla g e n o ly tic  
’ A c t iv i ty .
O.D. 573 nm : C a s e in o ly tic  ^












and th e  e lu t io n  p r o f i l e  and b u f f e r  changes a re  shown in  F i g .3»
No b u f f e r  changes w ere made u n t i l  a s t a b l e  b a s e l in e  re a d in g  o f 
o p t i c a l  d e n s i ty  a t  27Ô nm was o b ta in e d . The co n tam in a tin g  brown 
p igm ent was seen  to  form  a narrow  band a t  th e  to p  o f  th e  column and 
Was n o t  removed by  any o f th e  b u f f e r  s o lu t io n s .
The f r a c t io n s  o f  w hich a  peak  was composed w ere p o o le d , d ia ly s e d 
a g a in s t  0 .1  mM CaCl^ and ly o p h i l i s e d .  The ly o p h i l i s e d  m a te r i a l  was 
th en  assayed  f o r  a c t i v i t y  tow ards c o l la g e n  and e l a s t i n ,  and th e  
r e s u l t s  o f th e se  a ssa y s  a re  sum m arised in  T ab le 3*
T able 3 : A c t iv i ty  of DEAE c e l lu lo s e  f r a c t io n a te d  m a te r ia l .
(ex p re ssed  as yumoles L eucine e q u iv a le n ts  r e le a s e d  per 
hour p e r  mg p r o te in  a t  37°C in  ti :e  p re se n c e  of excess 
s u b s t r a t e ) .





C a lf  sk in  c o lla g e n
4 0
6 .3
4 .3  
0.6
NaOH p u r i f i e d  e l a s t i n
0.50 
0 .0 5  ,
0 .0 3
0.01
The m a te r ia l  from  peaks 2 and 3 w;as s e le c te d  fo r  use  in  th e  
p u r i f i c a t i o n  o f  e l a s t i n .
b ) .  A f f in i ty  Chrom atography
The i n i t i a l  p u r i f i c a t i o n  o f th e  cru d e  c o l la g e n a s e  s o lu t io n
w it h /
Fig* 3* The-, e lu t io n  p r o f i l e  o f  p a r t l y  p u r i f i e d  
c o lla g e n a se  on DEAE -  Cellulose-»
Flow Rate 
Column s iz e  
B u ffers
40 m l/h  
2 X 10 cm
a 5 mM Tris -  4 mM CaCl^
50 mM Tris -  4 mI4 CaClg 
5 mM Tris -  4 CaCl2 -  
mM NaCl
5 mM Tris -  4 mM CaCl  ^ -  
500 mM NaCl
100
A ll b u f fe r s  pH 7*5
O.D. 278 nm 
O.D. 578 nm
O.D. 578 nm
C o lla g e n o ly tic
A c t iv i ty
C a s e in o ly tic

















w i th  DEAE c e l lu lo s e  y ie ld e d  a s l i g h t l y  pigm ented s o lu t io n  p o s se s s ­
in g  bo th  c o l la g e n o ly t ic  and e l a s t o l y t i c  a c t i v i t y .  As d e s c r ib e d  |
e a r l i e r  t i i i s  s o lu t io n  was d ia ly s e d  and ly o p h i l i s e d .  The p assag e  of 
a l iq u o ts  o f t h i s  m a te r ia l  th ro u g h  a column o f c o l la g e n - f r e e  e l a s t i n  |
r e s u l t e d  i n  a p re p a ra t io n  w hich was h ig h ly  a c t iv e  tow ards c o lla g e n  
b u t in  w hich no e l a s t o l y t i c  a c t i v i t y  cou ld  be d e te c te d  upon p ro longed  
in c u b a tio n  w ith  in s o lu b le  e l a s t i n .
;
49.
The I s o la t io n  o f E la s t in
The e x t r a c t io n  of hexosam ine and h y d ro x y p ro lin e  c o n ta in in g  
m a te r ia l  from  bovine ligam entum  was fo llo w ed  by  e s t im a t in g  the'\j
amount o f hexosam ine and h y d ro x y p ro lin e  in  hy d ro ly sa ,tes  o f d ia ly s e d  
e x t r a c t io n - s u p e r n a ta n ts . The r e s u l t s  o f th e se  d e te rm in a tio n s  a re  
re p re s e n te d  in  F ig s .  4 and 5» I t  can  be seen  th a t  th e  m a jo r i ty  o f 
e x t r a c ta b le  m a te r ia l  i s  s o lu b i l i s e d  and removed d u rin g  th e  f i r s t  
24 hours o f  e x t r a c t io n  w ith  g u an id in e  h y d ro c h lo r id e .
1
F ig , 4 The rem oval of hexos amine from bovine
ligam entum  nuchae by 5M G uanidine and 
D i th i o th r e i to l  in  5M G uan id ine,
0 -  144 h : G uanidinium  h y d ro c h lo r id e  -
0,1M T r is  (pH 7 . 4 )
144 -  192 h :  0.05M D i th i o th r e i to l  in  5M
G uanidinium  h y d ro c h lo r id e  
O.IM T r is  (pH 7*4) c o n ta in in g  
0 . 4^  EDTA
v^uantity o f hexos amine removed i s  ex p ressed  as a p e rc e n ta g e  














' P ig . 5* The rem oval of hydro :xypro line from  bovine 
ligam entum  nuchae by 5M G uanidine and 
D i th i o th r e i to l  i n  G uan id ine , •
0 144 h : 5M G uanidinium  h y d ro c h lo r id e
-  O.IM T r is  (pH 7 . 4 )
144 -  192 h : O.O5M D i th i o th r e i t o l  in  5M
G uanidinium  h y d ro c h lo r id e  -  
O.IM T r is  (pH 7 . 4 ) c o n ta in g  
0 . 4^  EDTA.
Q u an tity  of h y d ro x y p ro lin e  removed i s  ex p ressed  as a p re c e n ta g e  







C h au lea l A nalyses
a ) .  Amino Acid A nalysis
Tables 1 ,5 ,6  and 7 r e p o r t  th e  amino a c id  com position  o f  
d e f a t te d  bov ine llgamentujTi n uchae , th e  re s id u e s  rem ain ing  a f t e r  
e x t r a c t io n  m th  g u an id in e  and d i t h i o t h r e i t o l  in  g uan id iiie  and o f 
en zy m ica lly  p u r i f i e d  e l a s t i n .  Table Ô below t r a c e s  th e  v a r i a t i o n  
in  c o n c e n tra t io n  in  th e  in s o lu b le  m a te r ia l  o f s.lx amino a c id s  during  
th e  i s o l a t i o n  o f  e l a s t i n  u s in g  c o lla g e n a se  in  c o n ju n c tio n  w ith  
g u an id in e  and d i t h i o t h r e i t o l .
Table Ô ; V a r ia t io n  in  th e  c o n c e n tra tio n  o f some amino a c id s
d u rin g  th e  i s o l a t i o n  of E la s t in  from  bovine ligam entim  
nuchae . ( c o n c e n tra tio n s  a re  ex p ressed  as re s id u e s  p e r  
1000 amino a c id  re s id u e s  and have been  c o r re c te d  fo r  
h y d ro ly t ic  l o s s e s ) .




D ith ro  t h r e i t o l
A fte r
C o llag en ase
H ydroxypro line 2 6 .3 2 0 .2 a . 3 8 .1
P ro l in e 1 1 2 .7 1 1 1 .0 111 .0 116.1
H ydroxylysine 2 .8 2 ,6 2 .6 0 .0
Isodesm osine 4 . 4 . 6 .2 . 5 .3 6 .2
Desmosine * 7 .6 8 .2 8 .3 8 .9
H a lf - c y s t in e 1 8 .3 2 .2 1 .9 0 .0
* ex p ressed  as ly s in e  r e s id u e s .  
E x t r a c t io n /
E x t r a c t io n  w ith  guan id ine  r e s u l t e d  in  a d ram atic  d e c re a se  
in  th e  l e v e l  of g- c y s t in e  in  th e  r e s id u e ;  su b seq u en t tre a tm e n t 
of th e  re s id u e  w ith  d i t h i o t h r e i t o l  b ro u g h t ab o u t o n ly  a sm a ll 
drop in  ^ -o y s t in e  c o n c e n tra t io n  as th e  m i c r o f i b r i l l a r  component 
wa.s s o lu b i l i s e d  and removed. S u lp h u r-c o n ta in in g  amino a c id s  
co u ld  n o t  be d e te c te d  in  th e  re s id u e  a f t e r  tre a tm e n t m t h  c o lla g e n a s e ; 
h y d ro x y ly s in e  was a ls o  a b se n t from the  en zy m ica lly  p u r i f i e d  e l a s t i n .
For pu rposes o f com parison , th e  amino a c id  com p o sitio n  of 
s o lu b le  e l a s t i n  i s o l a t e d  from th e  ligam entum  nuchae o f copper 
d e f i c i e n t  c a l f s  (75 ) i s  re p o r te d  in  T able 9 , w h ile  T ab les 10 and 11 
r e p o r t  th e  co m p o sitio n  of e l a s t i n  i s o la te d  from bov ine  ligam entum  
nuchae by a u to c la v in g  o r  h o t  a l k a l i  t re a tm e n t.  Both in s o lu b le  
e l a s t i n ,  p u r i f i e d  by c o l la g e n a s e ,  and i t s  s o lu b le  p re c u r s o r  e x l i ib i t  
c o n c e n tra tio n s  o f a c id ic  and hydroxy amino a c id s  s u b s t a n t i a l l y  h ig h e r  
th a n  th o se  sh o rn  by th e  NaOH t r e a te d  p r e p a ra t io n .
The an in o  a c id  com position  of e n z y m ic a lly -p u r if ie d  in s o lu b le  
a o r t i c  e l a s t i n  i s  re p o r te d  in  T able 12 , a lo n g  w ith  t h a t  o f the  same . 
p re p a ra t io n  a f t e r  t r e a tm e n t  w ith  h o t  a l k a l i .  Exposure of a o r t i c  
e l a s t i n  to  h o t a l k a l i  r e s u l t e d  in  a marked lo w erin g  of th e  c o n c e n tra ­
t i o n  o f fo u r  amino a c id s ,  nam ely a s p a r t i c  a c id ,  g lu tam ic  a c id ,  
th re o n in e  and s e r in e .
The amino a c id  p r o f i l e s  o f enzy rn ically  p u r i f i e d  e l a s t i n s  from  
bovine ligam entum  nuchae and a o r ta  a re  v e ry  s im i la r ,  th e  o n ly  
s ig n i f i c a n t  d i f f e r e n c e s  b e in g  th e  c o n c e n tra tio n s  o f th re e  r e s id u e s ,  
v iz ,  h y d ro x y p ro lin e , ly s in e  and ty r o s in e  in  the two p r e p a r a t io n s .
T able 4 . Tlie amino a c id  com p o sitio n  o f  d e f a t te d  bovine ligam entum  
nuchae . (V alues a re  ex p ressed  as residiies/lO O O  amino 
q u id  re s id u e s  and have been c o r r e c te d  f o r  h y d ro ly t ic  lo s s e s )  I
H ydroxypro line  26 .3
A sp a rtic  Acid \  1 5 .1  I
1Threonine. 1 2 .6
IS e r in e  1 3 .4  1
G lutam ic Acid 2 8 .0
P ro lin e  1 1 2 .7
G lycine 328.2
A lanine 193*4
V qline  ! 99 .1
H alf -c}'s t i n e  1 8 .3
M ethionine 2 .0
I s o le u c in e  23 .0
Leucine 54 .8
T yro sin e  6 .0
Ph e n y la Ia n in e  26 .6
H ydroxylys in e  2 .8
L ysine 7 ,7
H is t id in e  1 ,6
A rg in ine  I 3 . I
Isodesom sine*  4 ./,.
Desmosine * 7 ,6
M erodesmosine *  0*5
L y s in o n o rleu c in e  * 2 .6
‘^ Expressed as lysine  equivalents
T able 5* The amino a c id  com position  of bovine ligam entum  nuchae
a f t e r  e x t r a c t io n  w ith  guanid in ium  h y d ro c h lo r id e . (Values 
a re  ex p ressed  as residues/lO O O  amino a c id  re s id u e s  and 
have been c o r r e c te d  fo r  h y d ro ly t ic  l o s s e s ) .
H ydroxypro line
A sp a rtic  Acid
T hreonine
S e rin e
G lutam ic Acid




H a lf - c y s t in e
M ethionine
Is o le u c in e
Leucine
T yrosine
P h en y la lan in e
H y d ro x y ly s in e
L ysine
His t i d in e












2 1 4 .1
115.6
2 .2











Expressed as lysin e equivalents
Table 6 . Amino a c id  co m p o sitio n  o f bov ine ligam entum  nuchae a f t e r  
e x t r a c t io n  w ith  guan id in ium  h y d ro c h lo r id e  and tre a tm e n t 
w ith  d i t h i o t h e i t o l .  (Values a re  ex p re ssed  as r e s i d u e s /  
1000 amino a c id  re s id u e s  and have been c o r r e c te d  f o r  
h y d ro ly t ic  l o s s e s ) .
21.3
10.5 
9 .6  







H ydroxypro line 
A sp a rtic  Acid 
T hreonine 
S e rin e
G lutam ic Acid
P ro l in e
G lycine
A lan in i
V alin e
H a lf -c y s t in e
M eth ion ine
Is o le u c in e
Leucine
T y rosine
P h en y la lan in  e
H ydroxylysine
L ysine
H is t id in e






Lys in o n o r le u c in e
23 .5
5 5 .4  
6.6









Expressed as lys ine e%ui Vcil en ts
T able 7« Amino Acid com p o sitio n  o f e l a s t i n  from bovine ligam entum
nuchae t r e a t e d  w ith  c o lla g n n a se  p u r i f i e d  by a f f i n i t y  chroma­
to g rap h y . (V alues a re  ex p ressed  as residues/lC O O  t o t a l  
amino a c id  re s id u e s  and have been c o r re c te d  f o r  h y d ro ly t ic  
lo s s e s ,) .
Hydr o x y p ro lin e  
A sp a rtic  Acid 
Threonine 
S e r in e
G lutam ic Acid 
P ro lin e  
G lycine  
A lan ine 
V a lin e  
H a lf - c y s t in e  
M ethionine 
I s o l eue in e  
L eucine 
T yro sin e  
P h en y la lan in e  
H ydroxylys in e  
Lysine 
H is t id in e  




Lys in o n o rleu c  i n e '
^Expressed as Iv s in e  enu iva len ts
8.1
5 .8















8 . 9 . 
0 .5  
2.2
iT ab le  9 . (75)
H ydroxypro line  
A sp a rtic  ac id  
T hreonine 
S e rin e
G lutam ic a c id
P ro l in e
G lycine
A lanine
V a lin e
G ystine
M eth ion ine
Is o le u c in e
Leucine
T y ro s in e
P h en y la lan in e
Isodesm osine
DesTy.osi.ne
H is t id in e
H ydroxylysine
L ysine
A rg in ine
-'•he amino a c id  com position  o f s a l t - s o l u b l e  
E la s t in  from  th e  ligam entum  nuchae of C opper- 
d e f i c i e n t  c a lv e s .  (Values a re  ex p ressed  as 


























T able 10 . amino a c id  com positon o f In s o lu b le  E la s t in  i s o la te d
from b ov ine  ligam entum  nuchae by a u to c la v in g . (V alues 
a re  ex p ressed  as re s id u e s /1 0 0 0  amino a c id  r e s id u e s  and 










Hydroxypr o l in  e 
A sp a rtic  Acid 
Threonine 
^ e r in e
G lutam ic Acid




H a lf - c y s t in e  
M ethionine 
I s o l euein e  
le u c in e  
T y ro s in e  
P h e n y la lan in e  
H ydroxylys in e  
L ysine 
H is t id in e  
A rg in ine  
Isodesmos in e *  
Desmosine * 
M erodesmosine * 
L ysinonorleuc  in e
2 5 .6  







10 .3  
0 .7
2 .3
Expressed as lysine  equivalents
Table 11, The aim.no a c id  co m position  of In s o lu b le  E la s t in  i s o la te d  
from bovine ligam entum  nuchae by h o t a l k a l i  t r e a tm e n t,  
(V alues a re  ex p ressed  as residues/LOOO amino a c id  re s id u e s  
and have been c o r re c te d  f o r  h y d ro ly t ic  l o s s e s ) .
I1j
H ydroxypro line 7 .0
A sp a rtic  Acid 5 .9
Tlrireohihee 6-3
S e rin e 6 .3
G lutam ic Acid 15 .7
P ro lin e 115.7
G ly c in e • 324.1
jA lanine 1 238.9
V alin e 132.0
H a lf -c y s tin e
M ethionine —
Is o le u c in e 24.9
Leucine 6 2 .0
T y rosine 7 .7
Ph e n y la la n in  e 30.4
H ydroxylysine —
Lys in e 3 .9
H is t id in e 0 .5
A rg in ine 5.9
Is  odesmos in e * 6 .7
Desmosine * 9.1
Merodesmos i n e * nd
L y s in o n o rleu c in e  * 1 .8
'.3?
^  T,Expressed as lysine equivalents
T able 12 , Amino a c id  com position  o f e l a s t i n  from bov ine  a o r ta
(V alues a re  ex p ressed  as re s idues/lOOO t o t a l  amino a c id
re s id u e s and have been c o r re c te d  fo r  h y d ro ly t ic  lo s s e s )
Method of 
P u r i f ic a t io n
Enzymic Enzymic + 
h o t a l k a l i .
H ydroxypro line 1 0 .6 1 0 .1
A sp a rtic  a c id 6 .5 5.5
Threonine 9 .6 6 .1
S e r in e 9 .2 6*4
G lutam ic Acid 1 6 .0 13 .7
P ro lin e 112 .7 117.6
G ly c in e i 332 .4 337.1
A lanine 223 .9 2 26 .0
V aline 131.3 132.4
H a lf -c y s tin e - 0 .0 0 .0
M ethionine 0 .0 0 .0
Is o le u c in e 23.5 23.9
L eucine 58.2 57.9
T yro sin e 7.5 6 .8
P h e n y la lan in e 29.7 29.5
H ydroxylysine 0 .0 0 .0
Lysine 4 .6 3 .9
H is t id in e 0 .5 0 .6
A rg in ine 5 .9 4 .2
O rn ith in e 0 .0 1 .1
Isodesniosine * 5.5 5 .5
Desmosine * 9 .6 8 .7
M erodesmosine * 0 .6 0 .6








b ) .  Hexose and Hexosaminé A nalyses
Analyses fo r ' hexos e and hexosamine w ere perform ed on a l iq u o ts  
o f e n z y m ic a lly -p u r if le d  lig am en t and a o r t i c  e l a s t i n  s u f f i c i e n t l y  
la rg e  to  a llo w  th e  i d e n t i f i c a t i o n  o f ap p ro x im ate ly  one ca rb o h y d ra te  
u n it/1 0 0 0  amino a c id  r e s id u e s .  N e ith e r  n e u t r a l  hexose n o r  h ex o - 
8amine was d e te c te d  by any o f th e  a n a l y t i c a l  te ch n iq u es  employed on 
e i th e r  a o r t i c  o r  l ig a m e n t e l a s t i n .
c ) Amj.no ïïnd-Group Analyses
The fo llo w in g  re c o v e ry  vêilnes ( ? l )  w ere used to  c o r r e c t  f o r  
lo s s e s  o c c u rr in g  d u r in g  th e  r e g e n e ra tio n  o f free  amino a c id s  from  
t h e i r  d in i t r o p y r id y l  d e r iv a t iv e s .
T able I 3 
Amino Acid
T h e /
% Recovery on re g e n e ra tio n
in  30^  a t  100°C f o r  35 m in u te s .
« -  arginine 75





g ly c in e 80
leucine 85
iso leu cin e 85







The r e s u l t s  of th e  end group a n a ly se s  c a r r i e d  o u t on two 
e l a s t i n  p re p a ra t io n s  i s o la te d  from ligam entum  nuchae by enzymic 
tre a tm e n t a re  shown in  T ab le I f . Columns b and a r e p o r t  th e  N- 
te rm in a l  p r o f i l e s  o f e l a s t i n  in  which th e  c o n d e n sa tio n  . o f  2 -  Cl -  
3 ,5  -  d in i t r o p y r id in e  and th e  f r e e  amino groups was c a r r i e d  o u t in  
th e  p re sen ce  o r a b se n c e , r e s p e c t iv e ly ,  of d im eth y l su lp h o x id e , 
w hich induces a marked s w e llin g  o f th e  p r o te in  (5 9 ,6 0 ) , and p resum eably  
in c re a s e s  th e  r a t e  o f r e a c t io n .  The c lo s e  s i m i l a r i t y  of th e s e  
v a lu es  in d ic a te s  t h a t  a p ro lo n g ed  exposure to  2 -  Cl -  3 ,5  -  
d in i t ro p y rd d in e  even i n  th e  absence  of a s w e llin g  ag en t en su re s  an 
ad equa te  i d e n t i f i c a t i o n  o f  N -te rm in e l re s id u e s  lo c a te d  in  th e  i n t e r i o r  
o f ttie  m acrom olecu lar s t r u c t u r e .  This view is  a ls o  su p p o rted  by the 
o v e r a l l  agreem ent o f th e s e  r e s u l t s  w ith  th o se  o f th e  end group 
e s t im a tio n  by c y a n a te  in  the  p re sen ce  o f g u an id in e  h y d ro c h lo r id e  
(column £ ) .  However, th e  i d e n t i f i c a t i o n  of a p e p t id e  f r a c t i o n ,  
r i c h  in  p o la r  r e s id u e s  and p a r t i c u l a r l y  g lu tam ic  a c id ,  co n ta m in a tin g  
th e  h y d an to in s  a f t e r  io n -ex ch an g e  chrom atography raises th e  p o ss ib ility  
th a t  some of th e  f r e e  amino a c id s  id e n t i f i e d  a f t e r  th e  r e g e n e ra t io n  
s te p  may n o t represent t r u e  N -te rm in a l r e s id u e s ,  even though a good 
s e p a ra t io n  o f h y d an to in s  from  p e p tid e s  was o b ta in e d  by g e l  e x c lu s im  
chrom atography ( th e  e lu t io n  p r o f i l e  is  shown in  F ig .6 ) .  In  view 
of t h i s  l i m i t a t i o n  i t  was c o n s id e re d  t h a t  th e  2 -  chloro -  3 ,5  -  
d in i t r o p y r id in e  m ethod, w ith  i t s  h ig h  and uniform  s e n s i t i v i t y  
tow ards a l l  amino te rm in a l  g ro u p s, was a more p r a c t i c a l  piece du re  fo r
t h e /
F ig . 6 . The e lu t io n  p r o f i l e  o f E l a s t in  H ydantoins and 
P e p tid e s  on Sephadex G -I5 .
Load : H ydantoins and p e p t id e s , from 100 mg
e l a s t i n ,  in  3 ml 0.02M NH^ OH
E lu a n t:  O.OZM NH OH4
Flow r a t e  : '^'L/h
Column s i z e :  1 .6  x  95 cm








th e  end group a n a ly s is  o f e l a s t i n .  The N -te rm in a l p r o f i l e , 
d e term ined  by th e  c h lo ro d in i t r o p y r id in e  m ethod, o f  e l a s t i n ,  
i s o la t e d  u s in g  c o l la g e n a se  p u r i f i e d  by a f f i n i t y  chrom atography 
i s  re p o r te d  in  column d .
For purposes o f com parison Table 1^  (1Ô) r e p o r ts  th e  N- 
te rm in a l  p r o f i l e s  of bov ine ligam entum  nuchae e l a s t i n  i s o la t e d  
e i t h e r  by th e rm al t r e a tm e n t  (1 5 ) o r by a com bination  of th e rm a l 
and h o t  a l k a l i  tre a tm e n ts  (1 7 )*
T able lb  shows th e  amino end-group p r o f i l e  o f a o r t i c  e l a s t i n  
i s o la te d  u s in g  c o lla g e n a se  p u r i f i e d  by a f f i n i t y  chrom atography , 
to g e th e r  w ith  t h a t  o f  th e  same p re p a ra t io n  a f t e r  45 m inu tes exposure  
to  b o i l in g  NaOH. B efore tre a tm e n t w ith  a l k a l i  th e  p re p a ra t io n  
re v e a le d  on ly  1 .6 4  m oles o f  N -te rm in a l amino a c id  re s id u e s  p e r  lO&g 
o f  p r o te in .  However, tre a tm e n t w ith  h o t a l k a l i  p roduced a  tw en ty - 
tw o -fo ld  in c re a s e  i n  end-group c o n c e n tr a t io n ,  a lth o u g h  th e  amount 
o f  p r o te in  s o lu b i l i s e d  by the tre a tm e n t was le s s  th e n  5% o f th e  
p re p a ra t io n .
Table 14 N-Terminal Amino Acid Residues of E la stin  from B ov ine  Ligam entum  nuchae 
( Values are expressed as moles o f amino acid  per 10^ g of p ro te in . R esults are 
corrected fo r  regeneration lo s s e s . )
Method of Collagenase p u r ified  hy Collagenase
P u rifica tio n s chromatography on G-200 and DE 52 p u rified  hy • ^





D initropyrid ine D initropyrid ine in  
dim ethylsulphoxi de
Cyanate D in itropyrid ine .
(♦) ( t ) ( c ) w  1A spartic acid 0.24 0.26 0.15
Threonine - 0.10 0 .08 -  3^
Serine 0.15 0.20 0.40
Glutamic acid 0.10 0 .11 0.21
Proline 0 .10 0.15 0 .39
Glycine 1.24 1.21 1.31 0.59
Alanine 0.60 0.87 1.25 0.30  ^
V aline 0 .33 0 .44 0,56 0.16  4
Iso leu c in e 0.49 0.25 -
Leucine . 0.48 0.19 0 . 0 8
Tyrosine 0.14 0.07 . -  ■]
Ph enylalan i ne 0.14 0 .33 0.04
T otals 3.53 4.47 4.58 1.13
T able 15 (18)
N -  T erm inal amirio a c id  re s id u e s  o f e l a s t i n  from  bovine 
ligam entum  nuchae (v a lu es  a re  ex p ressed  as moles of 
amino a c id  p e r lO^g o f p r o te in .  R e s u lts  a re  c o r re c te d  
f o r  re g e n e ra tio n  l o s s e s . )
Method o f 
P u r i f i c a t io n
Therm al
T reatm ent
Thermal tre a tm e n t 
fo llo w ed  by 
A lk a lin e  T rea tm en t
A sp a rtic  a c id 0 .3 4 0 .1 9
T hreonine 0 .06 0 .1 2
S e r in e 0 .2 7 0 .25
G lutam ic a c id 0 .0 5 t r .
P ro l in e 0 .2 0 0 .9 4
G lycine 1.2Ü 8 .9 9
A lan ine 0 .7 2 2 .8 0
V alin e 0 .2 3 0 .96
I s o le u c in e 0 .1 0 0 .1 8
Leucine 0 .3 4 0 .5 9
T y ro sin e 0 .06 0 .11
Ph e n y la la  n in e 0 ,0 7 0 .2 7




Table 1.6 N -  T erm inal Amino a c id  re s id u e s  o f E la s t in  from  
Bovine A o rta .
(V alues a re  ex p re ssed  as m oles o f amino a c id /lO ^ g  o f 
p r o te in .  R e su lts  a re  c o r re c te d  f o r  r e g e n e ra tio n  
l o s s e s ) .
................ .........................%
T reatm ent Enzymic Enzymic + O.IN |  
NaOH f o r  45 m inu tes # 
a t  98 °C. 1
i l
A sp a rtic  Acid 0 .5 6  3
i
Threonide 0 .3 4  4
S e r in e 10 .7 3 3
G lutam ic Acid 0 .36 'i
P ro lin e 4 .1 2  >1
G lycine - 0 .4 8 11 .01  1!?7. 6L ,A lanine 0 .4 7
V aline 0 .3 6 3 .9 5  i
I s o le u c in e 1 .8 6  X
'■ i
Leucine 0 .2 3 3 .0 4  .j
P h en y la lan in e 0 .1 0 3 .21  1A.....................  .............._ _ . h
■3
T o ta l 1 .6 4 36 .79  /•
__ ______  . ___  I
%
56.
d ) .  E s tim a tio n  o f  A cety l Groups
Gas chrom atograph ic  a n a ly s is  o f  th e  t e r t - b u t y l e t h y l  e th e r  
e x t r a c t  o f a su ip iiiric  a c id  h y d ro ly s a te  o f lig a m e n t e l a s t i n  ( i s o la te d  
by th e  use  o f  c o l la g e n a se  p u r i f i e d  by a f f i n i t y  chrom atography) 
f a i l e d  to  re v e a l  th e  p re se n c e  of a c e t i c ,  p ro p io n ic  or b u ty r ic  a c id ,  
a lth o u g h  an a l iq u o t  of e l a s t i n  s u f f i c i e n t l y  l a r g e  to a llow  th e  
d e te c t io n  of a p p ro x im a te ly  1 .5  a c e ty l ,  p ro p io n y l o r b u ty ry l  groups 
p e r  1000 amino a c id  r e s id u e s  was h y d ro ly sed .
7.
Removal o f N ~T em inal ^ lo c k in g  Groups
%
I
The m o lecu la r  w e i ^ t  o f  th e  e l a s t i n  p r e c u r s o r ,  t r o p o e l a s t i n ,
has been re p o r te d  to  ran g e  betw een 30 000 and 100 000 d a lto n s  (41., 1'3
42 ); c o n se q u e n tly  none of th e  N -te rm in a l re s id u e s  i d e n t i f i e d  in  
en zy m ica lly  p u r i f i e d  e l a s t i n  was p re s e n t a t  a s u f f i c i e n t l y  h ig h  
c o n c e n tra t io n  to  be c o n s id e re d  th e  t ru e  end-group o f th e  p r o te in ,  
w hich m ust theid^ore c a r r y  a b locked  « -  amino fu n c tio n .
A ttem pts w ere made to  remove th e  b lo c k in g  group from  lig a m e n t 
and a o r t i c  e l a s t i n  (bo th  i s o la te d  u s in g  c o lla g e n a se  p u r i f i e d  by 
a f f i n i t y  chrom atography) u s in g  m ild  a lk a l in e  and m ild  a c id  t r e a t ­
m ents.
T able ^  shotvs th e  N -te rm in a l p r o f i l e s  o f l ig a m e n t e l a s t i n ,  
u n tr e a te d  and a f t e r  exposure to  a l k a l i  o r a c id .  F ig . 7 t r a c e s  th e  
r i s e  i n  the  c o n c e n tra t io n  o f  N -te rm in a l groups w ith  th e  tim e o f 
exposure to  1.5N HCl in  m ethano l (d r ie d  w ith  CaO) a t  18°C.
The e f f e c t  of a m i ld 'a lk a l in e  tre a tm e n t (0.25N NaOH in  d io x a n / 
w a te r  f o r  1 h r  a t  l8 °C ) upon th e  N - te rn in a l  p r o f i l e  o f  a o r t i c  e l a s t in  
i s  shown in  T able 1 ^ . A marked r i s e  in  th e  c o n c e n tra t io n  of g ly c in e ,  
w itii l i t t l e  in c re a s e  i n  th e  c o n c e n tra t io n  o f o th e r  N -te rm in a l 
r e s id u e s ,  was caused  by th e  exposure o f  a o r t i c  e l a s t i n  to  NaOH u nder 
th e s e  c o n d i t io n s .
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F ig . 7» l i b e r a t i o n  o f amino end-groups upon
e:xposure o f  ligam entum  nuchae e l a s t i n  to  1.5N 
HCl in  M ethanol a t  10°C. V alues a re  
ex p ressed  as moles o f N -te rm in a l r e s id u e s  p e r  
10%  of p r o te i n ,  and have been c o r re c te d  fo r  




T able l 6 N ~ T erm inal amino a c id  re s id u e s  o f E la s t in  from  
b ov ine  a o r ta .
(V alues a re  ex p ressed  as moles o f amino a c id s /lO ^ g  o f 
p r o te in .  R e su lts  a re  c o r re c te d  f o r  r e g e n e ra t io n  . 
lo s s e s .  Values in  b ra c k e ts  a re  m olar c o n c e n tra t io n s  






T reatm ent U n trea ted 0.25N NaOH in  d ioxan  f o r
60 m inu tes a t  1Ô C
P ro lin e 0 .8 3
G lycine 0c40 (2 .1 ) 7 .1 4  (24. 6 )
A lan ine 0 .4 7  (2 .0 ) 0 .8 2  (2 . 8 )
V aline 0 .3 6  (1 .6 ) 0 .4 1  (1 . 4 )
L eucine 0 .2 3  (1 .0 ) 0 .2 9  (1 . 0 )
P h en y la lan in e 0 .1 0  (0 .4 ) 0 .1 8  (0 .6 )






E le c tro n  M icroscopy
E xam ination  o f f in e l y  powdered e l a s t i n  ( i s o la te d  from ligainen tun
'1niichae by the  use  of c o l la g e n a se  p u r i f i e d  by a f f i n i t y  ch ro m a to g rap ty ) |
by e le c tro n m ic ro sc o p y  showed th a t  th e  m orphology o f  th e  p ro te in  was 
a f f e c te d  by th e  p ro ced u re  adop ted  i n  the  p re p a ra t io n  o f th e  specim ens.
The m a jo r i ty  o f th e  f i b r i l s  com prising  u n so n ic a te d  sam ples v h ic h  
had been n e g a t iv e ly  c o n t ra s te d  in  the absence o f d im e th y l sui.phoxide 
d id  n o t  r e v e a l  any u l t r a s  tru e  t u r a l  f e a tu r e s .  Only the s m a l le s t  
f i b r i l s ,  such as t h a t  shown in  F ig ,8 , w ere re s o lv e d  in t o  f i la m e n ts  
a l ig n e d  p a r a l l e l  to  th e  m ajo r a x is  o f  th e  f i b r i l .  However, p re p a ra ­
t io n s  t r e a te d  w ith  d im e th y l su lp h  oxide w ere found to  e x l i ib i t  a 
l a t e r a l a r r a y  of f ila m e n to u s  u n i t s  in  a l l  f i b r i l s ,  i r r e s p e c t iv e  o f  
s i z e  ( F ig .9 and 1 0 ) . % e f ila m e n ts  appeared  ’b ead ed ' in  th ro u g h -  ^
focus s e r i e s  o f m ic ro g ra p h s , w ith  an a x i a l  p e r io d i c i t y  o f 3 .9  1  0 .6  nm. |
The lim ita tio n  imposed by the  s t a in in g  te ch n iq u es  on th e  d e te rm in a tic n  %
o f p a r t i c l e  d im ensions o f  t h i s  s i z e  ran g e  (76) d id  n o t  a llo w  an 
e v a lu a tio n  o f  th e  d ia m e te r  of th e  f i la m e n ts ,  c o n se q u e n tly , o n ly  th e  centre t  
c e n tr e  d is ta n c e  o f a d ja c e n t f i la m e n ts  was m easured and found to  
range betw een 4 ,5  and 5*3 Pro longed  s o n ic a t io n  appeared  to  a f f e c t
th e  pack ing  b u t n o t  th e  u l t r a s t r u c t u r e  o f th e  f i la m e n ts  w ith in  f i b r i l s .
In  f a c t ,  in  such  p re p a ra t io n s  in d iv id u a l  f i la m e n ts  o r  sm a ll groups o f  
f i la m e n ts  w ere observed  to  have become s e u a ra te d  from  th e  b u lk  o f 'IIf i b r i l ,  as shown in  F ig .11 . |
S
F ig . 6 . E l a s t in  f i b r i l ,  n e g a t iv e ly  s ta in e d  w ith  
u ra n y l fo rm ate  -  o x a lic  a c id  pH 6.4*









F ig , 9* E l a s t in  f i b r i l ,  n e g a t iv e ly  s ta in e d  w ith
u ra n y l fo rm ate  -  o x a lic  a c id .  P e n e tra t io n  





F ig . 10 . E la s t in  f i b r i l ,  n e g a t iv e ly  s ta in e d  w ith  u ra n y l 
fo rm ate  -  o x a l ic  a c id .  P e n e tra t io n  o f s t a i n  
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59.
In v e s t ig a t io n  o f  M echanical P r o p e r t i e s .
The amino a c id  co m p o sitio n  of th e  p u r i f i e d  e l a s t i n  s t r i p s  
was found to  be  i d e n t i c a l  to  t h a t  r e p o r te d  e a r l i e r  f o r  powdered 
e l a s t i n  i s o la te d  from  bov ine  ligam entum  nuchae.
Two ty p i c a l  s tr& æ rs tr a in  cu rves o b ta in e d  w ith  specim ens o f 
u n tre a te d  ligam entum  nuchae ( l )  and p u r i f i e d  e l a s t i n  (IT ) a re  shown 
in  F ig .12. D ata d e r iv e d  from  such  cu rv es  a re  p re se n te d  in  Table 
19 , end r e p re s e n t  av e ra g e  v a lu e s ,  each c a lc u la te d  from  th e  s t r e s s  
a n a ly s is  of te n  sam p les . Under th e  ex p e rim e n ta l c o n d itio n s  u sed  
in  th e s e  t e s t s  none o f th e  groups o f specim ens was seen  to  e x h ib i t  
h y s te r e s i s  upon re p e a te d  e x te n s io n  -  r e la x a t io n  c y c le s ,  p ro v id ed  care 
was ta k e n  in  th e  ca se  of. co H ag en ase  t r e a te d  m a te r ia l  n o t  to  over 
s t r e s s  th e  sam ples and so  cause  p a r t i a l  ru p tu re .  As s t a t e d  e a r l i e r ,  
marked s lip p a g e  under re p e a te d  s t r e s s  was observed  w ith  s t r i p s  th e  
ends o f which had n o t been embedded in  r e s i n .
F ig ,  12 , T y p ica l s t r e s s - s t r a i n  cu rves of sam ples o f 
u n tr e a te d  bov ine  ligam entum  nuchae ( l )  and 



































































X-Ray A naly s is
X -ray  s tu d ie s  w ere c a r r i e d  o u t on b o th  o r ie n t a te d  and 
u n o r ie n ta te d  sam ples o f lig a m e n t  e l a s t i n ,  is o la t e d  u s in g  c o lla g e n a se  
p u r i f i e d  by a f f i n i t y  chrom a tography.
W ider an g le  x - r a y  s c a t t e r in g  p a .t te rn s  from th e  u n o r ie n ta te d  
m a te r ia l  showed broad  amorphous peaks c o rre sp o n d in g  to  sp ac in g s  o f 
9*3 A and 4 .5  These f e a tu r e s  w ere unchanged in  th e  o r ie n t a te d  
m a te r ia l .  F i g . ^  shows a  t y p i c a l  w id e -a n g le  s c a t t e r in g  p a t t e r n .
U n o r ie n ta te d  sam ples gave r i s e  to  s m a ll-a n g le  x - r a y  s c a t t e r in g  
p a t te r n s  i n  w h ich no s i g n i f i c a n t  f e a tu r e s  a re  v i s i b l e .  HoAfever, 
sam ples o r i e n t a te d  by e x te n s io n  to  lli.0% o f t h e i r  o r i g i n a l  le n g th  
produced  a d i f f u s e ,  a lm o s t com plete  d i f f r a c t i o n  r in g ,  w ith  a maximum 
i n t e n s i t y  a t  th e  e q u a to r ,  c o rre sp o n d in g  to  a sp ac in g  o f 50 X ( F i g . l l ) .
Upon f u r th e r  e lo n g a t io n  of specim ens to  165# o f  t h e i r  o r i g i n a l  le n g th
th e  50 X r e f l e c t i o n  becomes a lm o s t e n t i r e l y  e q u a to r ia l  and i s  
accompanied by an a d d i t io n a l  e q u a to r ia l  r e f l e c t i o n ,  co rre sp o n d in g  to  
a sp a c in g  o f 46 X. The s m a ll-a n g le  x - r a y  s c a t te r in g , p a t t e r n  of a
sam ple a t  an e lo n g a t io n  o f 165# i s  shown in  F i g .15.
F ig . 1 3 . W ide-angle x - r a y  d i f f r a c t i o n  p a t te r n  of d ry  
e l a s t i n  from  bov ine ligam en tum  n uchae . ,
F ig .  1 4 . S m a ll-an g le  x - r a y  d i f f r a c t i o n  p a t t e r n  o f
e l a s t i n  from  b ov ine  ligam en tum  n uchae . Sample 
was s t r e t c h e d  to  I 40#  o f  i t s  o r i g in a l  le n g th  
and d r ie d .
F ig , 1 5 . S m a ll-a n g le  x - r a y  d i f f r a c t i o n  p a t t e r n  o f e l a s t in  
from  bov ine ligam en tum  nuchae. Sample was 
s t r e tc h e d  to  165# o f i t s  o r i g i n a l  le n g th  and 
d r ie d .

a .
O p tic a l P o la r i s a t io n  f n a ly s is
When lo n g i tu d in a l  and t r a n s v e r s e  s e c t io n s  of e l a s t i n  s t r i p s  
w ere exam ined under th e  p o la r i z in g  m ic ro sco p e , i t  was a p p a re n t  
t h a t  th e  f ib r e s  e x h ib i te d  p o s i t i v e  u n ia x ia l  b i r e f r in g e n c e ,  in  
coiimon w itti m ost b io lo g i c a l  f i b r e s .  Only a few o f th e  many f ib r e s  
co m p ris in g  o f lo n g i t u d in a l  s e c t io n  w ere in  th e  c o r r e c t  a n g u la r  
r e l a t io n s h i p  to th e  p o l a r i s e r  a t  any one o r i e n t a t io n  o f  the sam ple.
The v a r i a t io n  in  th e  r e l a t i v e  r e t a r d a t io n  o f  in d iv id u a l  f ib r e s  
on chang ing  th e  r e f r a c t i v e  in d e x  o f the  medium i s  i l l u s t r a t e d  in  
F ig .  16 . The shape o f th e  cu rve in d ic a te s  t h a t  th e  e l a s t i n  f ib r e s  
p o sse ssed  bo th  form and c r y s t a l l i n e  b i r e f r in g e n c e .  In  w a te r  the 
v a lu e  o f  th e  b i r e f r in g e n c e  o f e l a s t i n ,  e s t im a te d  from  m easurem en ts 
o f th e  r e l a t i v e  r e t a r d a t i o n  o f in d iv id u a l  f i b r e s , was ap p ro x im a te ly  
1 X. 1 0 -2 .
AW
Fig» 1 6 ' V a r ia t io n  in  th e  r e l a t i v e  r e t a r d a t io n  of 
e l a s t i n  f i b r e s  w i th  th e  r e f r a c t i v e  in d ex  
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In  t h i s  s tu d y  a s l i g h t l y  m od ified  v e rs io n  o f th e  i s o l a t i o n  
p ro ced u re  of Ross and B e rn s te in  (22) was adop ted  in  th e  p u r i f i c a t i a i  
o f e l a s t i n  from two source^  nam ely tev i.ne  ligam en tum  nuchae and 
a o r t a .
The e l a s t i n  from  ligam en tum  nuchae has been s tu d ie d  e x te n s iv e ly  
by numerous w orkers (1 , 2 , 1 5 , 22) and i t s  com p o s itio n  c h a r a c te r is e d .
The amino a c id  p r o f i l e  of ligam en tum  nuchae e l a s t i n  p u r i f i e d  in  
t h i s  in v e s t i g a t io n  by th e  u se  of a c o lla g e n a se  p re p a ra t io n  f r e e  
o f d e te c ta b le  e l a s t o l y t i c  a c t i v i t y  (Table ? ) i s  v i r t u a l l y  i d e n t i c a l  
to  t h a t  o f th e  p r o t e in  sam ple i s o la t e d  from  d ie  same t i s s u e  by 
tre a tm e n t  w ith  h o t  a l k a l i  (T able 1 1 ) ,  th e  on ly  s i g n i f i c a n t  d i f f e r e n c e  
b e in g  th e  h ig h e r  c o n te n t  o f s e r in e  and th re o n in e  in  th e  form er 
p r e p a ra t io n .  S im ila r  c o m p o s i tio n a l d if fe re n c e s  have been observed  
between e l a s t i n  p re p a ra t io n s  p u r i f i e d  by th e rm a l (Table 1 0 ) and 
a lk a l in e  tre a tm e n t  and have been a t t r i b u t e d  to  con tam inan ts  n o t  
removed by a u to c la v in g  ( 2 ,6 ) .  One such s u b s ta n c e , i s o la t e d  from  
th e rm a l ly -p u r i f ie d  ox ligam en tum  nuchae e l a s t i n ,  has been i d e n t i f i e d  
as a g ly c o p ro te in  (2 8 ,2 9 ) . However, th e  p re se n c e  o f a s im i la r  |
co n tam in a tin g  m a te r ia l  in  en zy m ica lly  p u r i f i e d  e l a s t i n  from  
ligam en tum  nuchae i s  ru le d  o u t by the  f a i l u r e  to  d e te c t  e i t h e r  
hexosam ines o r n e u t r a l  su g ars  in  sam ples s u f f i c i e n t l y  la rg e  t o  a llo w  
th e  i d e n t i f i c a t i o n  o f th e s e  su b s ta n c e s  a t  a  l e v e l  o f ap p ro x im a te ly  
one u n i t  p e r  1 000 amino a c id  r e s id u e s .  F u rth erm o re , th e  c o n c e n tra ­
t io n s  o f s e r in e  and th re o n in e  i n  t r o p o e la s t in  (7 5 ,7 ? )  (Table 9)
a r e /
a re  g r e a te r  th a n  in  NaOH ~ p u r i f i e d  e l a s t i n  and a re  com parable to  
th o se  in  en zy m ica lly  -  p u r i f i e d  p re p a ra t io n s  (Table 7 ) ,  an 
o b se rv a tio n  in c o m p a tib le  w ith  th e  p re sen ce  o f co n ta m in a tin g  
g ly c o p ro te in s  in  th e  en sy m ic a lly  p u r i f i e d  m a te r ia l  s in c e  t r o p o e l a s t in  
c o n ta in s  n e i th e r  n e u t r a l  su g a rs  n o r  hexos am ine (77)« The p re se n c e  
o f any a p p re c ia b le  amount of c o lla g e n  in  th e  e l a s t i n  i s o la t e d  by 
enzym ic tre a tm e n t  i s  ex c lu d ed  on s im i la r  g ro u n d s , fo r  h y d ro x y p ro lin e  
i s  p re s e n t  in  s a l t - s o l u b l e  e l a s t i n  i s o la t e d  from th e  ligam en tum  
nuchae o f c o p p e r - d e f ic ie n t  c a lv e s  a t  a c o n c e n tra tio n  o f ap p ro x im a te ly  
S r e s id u e s  p e r  1000 amino a c id  r e s id u e s ,  compared to  8 .1  re s id u e s  
p e r  1000 amino a c id  re s id u e s  re p o r te d  in  t h i s  in v e s t ig a t io n  f o r  
e n z y m ic k l ly -p u r if ie d  e l a s t i n .
P rev io u s  end-group  a n a ly se s  conducted  on sodium  hyd rox ide  
p u r i f i e d  e l a s t i n  from  ligam en tum  nuchae have re v e a le d  th e  p re sen ce  
o f  s e v e r a l  amino a c id  re s id u e s  in  te rm in a l p o s i t io n s  (1 ,2 ,1 6 ) .  
However, th e  c o n c e n t r a t io n s  o f  th e se  re s id u e s  w ere low er th a n  th e  
v a lu e s  re p o r te d  by S p ina and F r a c a s s in i  (T able 15) (1 8 ). The 
p ro ced u re  adop ted  in  th e  l a t t e r  case  fo r  th e  d e te rm in a t io n  of am ino 
end-groups was the  c h lo ro d in i t ro p y r id in e  method (69) r a th e r  th an  the 
f lu o ro d in i t ro b e n z e n e  method o f ’Sanger (78) as used  by th e  o thep 
in v e s t i g a to r s .  The l a t e r  te c h n iq u e  does n o t  ap p ea r to  be as s u i t a b l e  
as th e  c h lo ro d in i t ro p y r id in e  method f o r  u se  w ith  e l a s t i n ,  s in c e  some 
d e s t r u c t io n  of th e  DNP-amino a c id s ,  p a r t i c u l a r l y  D N P-glycine, o ccurs  
on h y d ro ly s is  o f th e  D N P-pro tein (7 9 ). As such  lo s s e s  v a ry  ac c o rd in g
t o /
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to  th e  p r o te in  in  q u e s t io n  (80) i t  i s  d i f f i c u l t  to  make c o r re c t io n s  
f o r  them. The advan tages  o f  th e  c h lo ro d in i t ro p y r id in e  p ro ced u re  
a re  th e  u iiif  orm and h ig h  re c o v e r ie s  (o f the  o rd e r  o f 80 -  ^0%) o f  
a l l  am ino a c id s  (T ab le I 3 ) (70) .
The amino end-group c o n te n ts  o f  th e  enzym ica lly  p u r i f i e d  e l a s t in  
p re p a ra t io n s  from  ligam en tum  nuchae a re  f a r ,  lo w er th a n  t h a t  o f  
th e  e l a s t i n  p r e p a r a t io n  p u r i f i e d  by bo th  th e rm a l and a lk a l in e  t r e a t ­
ment (Table I 5 ) (3*53 and I . I 3 m oles o f N - te rm in a l p e r  lO^g p r o te in  
f o r  th e  enz^m iically  p u r i f i e d  p re p a ra t io n s  as opposed to  1 5 .4  moles 
N - te rm in a l p e r  lO^g p r o t e in  fo r  e l a s t i n  p u r i f i e d  by th e rm a l and 
a lk a lin je  t r e a tm e n t ) .  The e f f e c t iv e n e s s  of a f f i n i t y  chrom a tography 
in  rem ov ing e l a s t o l y t i c  p ro te a s e s  from th e  c o lla g e n a se  p re p a ra t io n  
i s  e v id e n t when com parison i s  made o f th e  N -te rm in a l p r o f i l e  o f  
e l a s t i n  o b ta in e d  u s in g  th e  c o lla g e n a se  p re p a ra t io n  p u r i f i e d  by g e l 
e x c lu s io n  and ion-exchange  chrom a tography (T able I 4 , column a_) 
w i th  t h a t  o f th e  p ro te in  is o la t e d  by th e  u se  o f  c o lla g e n a se  p u r if ie d  
by a f f i n i t y  chrom a tography (T able I 4 , colm m  d ) .  Not o n ly  i s  th e re  
an o v e r a l l  d e c re a se  in  th e  m olar c o n c e n t r a t io n  o f  N - te rm in a l re s id u e s  
(from  3*53 to  I . I 3 moles N - te rm in a l p e r  lO&g p r o t e i n ) ,  th e re  i s  
a ls o  a re d u c t io n  i n  the  number of-am ino a c id  r e s id u e s  c o n t r ib u t in g  
to  th is  t o t a l .  At th e  low le v e l  o f  f r e e  amino groups d e te c te d  in  
e l a s t i n  is o la t e d  from  ligam en tum  nuchae by th e  u se  of c o l la g e n a se  
p u r i f i e d  by a f f i n i t y  chrom a tography, i t  i s  open to  s p e c u la t io n
w h e th e r /
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w hether th e y  r e s u l t  from p e p t id e  bond c leav ag e  w hich had o ccu rred  
d u r in g  th e  i s o l a t i o n  p ro ced u re  o r r e f l e c t  damage in c u rre d  in  v iv o  
as a r e s u l t  o f th e  ex trem ely  low tu rn o v e r  of th e  p r o te in .
To d a te ,  tre a tm e n t  w ith  h o t  a l k a l i  ( I 7 ) has been c o n s id e re d  
to  be th e  on ly  r e l i a b l e  method a v a i la b le  f o r  th e  p u r i f i c a t i o n  of 
e l a s t i n  from  c o n ta m in a tin g  m acrom olecules in  a d u l t  bov ine a o r ta  
(2 ) .  In  the  p r e s e n t  s tu d y  th e  p r o te in  has been i s o l a t e d  from  
t h i s t i s s u e  by th e  u se  of c o l la g e n a s e ,  p u r i f i e d  by a f f i n i t y  chroma­
to g ra p h y , in  c o n ju n c t io n  w i th  g u an id in e  and d i t h i o t h r e i t o l .
Comparison of th e  amino a c id  com pos ition  of en zy m ica lly  p u r i f i e d  
a o r t i c  e l a s t i n  w ith  t h a t  o f  th e  same p re p a ra t io n  fo llo w in g  exposure 
to  h o t  a l k a l i  c l e a r ly  re v e a ls  t h a t  tre a tm e n t  w ith  NaOH r e s u l t s  in  a 
s i g n i f i c a n t  r e d u c t io n  in  th e  c o n c e n t r a t io n  o f some p o la r  am ino a c id  
r e s id u e s ,  p a r t i c u l a r l y  s e r in e  and th re o n in e  (T able 1 2 ) .  As a lre a d y  
m en tioned , s im i la r  c o m p o s i t io n a l d if f e r e n c e s  betw een th e rm a lly  
and a l lc a l i  t r e a te d  e l a s t i n  p re p a ra t io n s  from  ligam en tum  nuchae have 
been a t t r i b u t e d  to co n ta m in a tin g  g ly c o p ro te in s . However, as in  th e  
ca se  o f  enzym ic a l l y  p u r i f i e d  e l a s t i n  from  ligam en tum  nuchae , n e i th e r  
hexos am ine n o r  n e u t r a l  su g a r w ere d e te c te d  i n  a o r t i c  e l a s t i n  i s o la t e d  




of t h i s  n a tu r e .  E q u a lly  in c o m p a tib le  w ith  th e  p re sen ce  of any 
s u b s t a n t i a l  amount o f co n tam in an t i s  th e  ex trem ely  low c o n c e n tra tio n  
o f  N - te rm in a l re s id u e s  i d e n t i f i e d  in  th e  en zy m ica lly  p u r i f i e d  
p re p a ra t io n  (T able 1 6 ) . In  k eep in g  w ith  t h i s  i s  th e  o b se rv a tio n  
t h a t  tre a tm e n t o f a c o lla g e n a se  p u r i f i e d  sam ple w ith  h o t  a l k a l i  
r e s u l t e d  in  le s s  th a n  a  5% lo s s  o f w e ig h t from  th e  e l a s t i n ,  as 
compared w ith  th e  s o l u b i l i s a t i o n  o f  abou t 17^  of th e  p re p a ra t io n  
when a u to c la v e d  a o r t i c  e l a s t i n  was s im i la r ly  t r e a t e d  w ith  a l k a l i  
(6 ) .  In  th e  p re se n t  c a s e ,  25% of t h i s  l o s s  i s  accoun ted  f o r  
by th e  d e c re a se  in  c o n c e n t r a t io n ,  in  th e  r e s id u e ,  o f on ly  fo u r  amino 
a c i d s ,  nam ely a s p a r t i c  a c id ,  g lu tam ic  a c id ,  th re o n in e  and s e r in e .  
However, th e  N -te rm in a l a n a ly s is  o f  th e  sam ple s u b je c te d  to  h o t -  
a l k a l i  tre a tm e n t  re v e a le d  a  tw e n ty -tw o -fo ld  in c re a s e  in  end-group 
c o n c e n t r a t io n , in d i c a t i v e  o f  e x te n s iv e  c leav ag e  o f  th e  e l a s t i n  
p o ly p e p tid e  backbone. I t  i s  w orth  n o t in g  t h a t  th e  t o t a l  amount of 
N - te rm in a l re s id u e s  d e te c te d  in  th e  h o t - a l k a l i  t r e a t e d  e l a s t i n  is  
one o rd e r of ma.gnitude g r e a te r  th a n  t h a t  observed  f o r  a s i m i l a r  
p r e p a ra t io n  by G o tte  e t  a l .  ( 2 ) ,  b u t i s  in  k eep in g  wdth th e  v a lu e s  
p u b lish e d  fo r  human ao rta , by T ay lo r (81 ). These r e s u l t s  s t r o n g ly  
in d ic a te  t h a t  co m p o s i tio n a l d if f e r e n c e s  betw een en zy m ica lly  and 
a l k a l i  t r e a te d  p r e p a ra t io n s  a r i s e  from th e  lo s s  o f  s h o r t  p e p t id e s  
o f e l a s t i n  caused  by h y d ro ly t ic  damage r a th e r  th an  from  th e  soluU L isa- 
t i o n  o f c o n tam in a tin g  s u b s ta n c e s .
T he/
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The amino a c id  p r o f i l e s  o f en zy m ica lly  p re p a re d  e l a s t i n  from 
bov ine a o r ta  and ligam en tum  nuchae (Tables 7 and 12) appear to  be 
i d e n t i c a l  w ith in  th e  l i m i t s  of ex p e rim e n ta l accu racy  w ith  th e  
ox ,c o p tio n  of th e  c o n c e n tra tio n s  o f  th r e e  r e s id u e s ,  namely hydr oxy­
p r  o l in e ,  ly s in e  and ty r p s in e .  I t  i s  open to  s p e c u la t io n  w hether 
th e  sm a ll d if f e r e n c e s  ob-served in  th e  le v e ls  o f h y d ro x y p ro lin e  
and ly s in e  in  th e  two p re p a ra t io n s  may r e f l e c t  s l i g h t l y  d i f f e r e n t  
deg ree s  o f  a c t i v i t y  o f p r o l in e  hy d ro x y lase  and lyqrL .ox idase in  
th e  two t is s u e s *
I
I t  would a p p e a r , th e r e f o r e ,  t h a t  th e  u se  o f  c o l la g e n a s e ,  p u r i f i e d  
by a f f i n i t y  ch rom a tography , in  co n ju n c tio n  w ith  guahl 'dine and 
d i t h i o t h r e i t o l  r e s u l t s  in  th e  i s o l a t i o n  o f p u re  in s o lu b le  e l a s t i n  
from  bo th  bov ine a o r t a  and ligam en tum  nuchae . T ha t t h i s  m ild  |
procedure y ie ld s  undegraded  sam ples of th e  p ro te in  i s  in d ic a te d  by 
th e  lev/ l e v e l  o f N - te rm in a l groups d e te c te d  in  th e  p re p a ra t io n s  
1 .1 3  moles p e r  10&g of p r o t e in  in  the  ca se  o f l ig a m e n t e l a s t i n ,
1 .6 4  moles p e r  lO&g of p r o t e in  i n  e l a s t i n  from  a o r t a .
-j
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3h bo th  a o r t i c  and lig a m e n t  e l a s t i n ,  i s o la t e d  by th e  u se of 
c o lla g e n a se  p u r i f i e d  by a f f i n i t y  chrom a tography, th e  amino a c id  
r e s id u e  p r e s e n t  i n  th e  h ig h e s t  c o n c e n t r a t io n  as an amino end-group 
i s  g ly c in e , o c c u rr in g  to  th e  e x te n t  of O.48  moles p e r  lO&g of 
p r o te in  i n  a o r t i c  e l a s t i n  and 0*59 moles per lO^g p r o te in  i.; . 
in  e l a s t i n  from ligam en tum  n u ch ae . Such low le v e l s  o f N - te rm in a l 
a re  c l e a r ly  in c o m p a tib le  w ith  th e  m o lecu la r w eig h t of th e  e l a s t i n  
p re c u r s o r ,  i s o l a t e d  from  c o p p e r -d e f ic ie n t  a n h n a ls , w h ich has been 
e s t im a te d  to  be 74 ,000  d a l  to n s (43)* Th is discrepancy can be 
in t e r p r e te d  in  two w ays. The f r e e  N -te rm in a l of th e  p r e c u r s o r  
(which has been i d e n t i f i e d  as g ly c in e  (4 4 ) ;may u n d erg o , d u r in g  e l a s t i n  
m a tu ra tio n , a chem ica l r e a c t io n  re n d e rin g  i t  u n d e te c ta b le  under th e  
ex p e rim en ta l c o n d itio n s  used  i n  N - te rm in a l a n a ly s i s .  The o th e r  
p o s s i b i l i t y  i s  t h a t  i t  i s  b u r ie d  in  th e  i n t e r i o r  o f th e  m acrom olecule 
and in a c c e s s ib le  to  th e  r e a g e n t .  Th is second e x p la n a t io n  is  r u le d  
o u t by th e  o b s e rv a tio n  t h a t  th e  N -te rm in a l p r o f i l e  o f e l a s t i n  from  
ligam en tum  nuchae i s  in d e p en d en t of th e  deg ree  o f s w e llin g  o f th e  
p r o t e in  d u rin g  a n a ly s is  (T able I 4 ) .
In  an a t te m p t to  d e te rm in e  th e  n a tu re  o f th e  t r u e  N -te rm in a l 
re s id u e  of in s o lu b le  e l a s t i n  th e  p r o te in  was s u b je c te d  to  m ild  a c id  
o r a lk a l in e  t r e a tm e n ts .  I t  was hoped t h a t  in  t h i s  way th e  group 
b lo c k in g  th e  amino fu n c t io n  o f th e  N -te rm in a l re s id u e  w ould be 
removed w ith o u t a r i s e  i n  th e  g e n e ra l background l e v e l  o f am ino
en d -g ro u p s /
/.o. '
1end“groups so la r g e  as to  o bscure  th e  p re se n c e  o f  th e  unblocked  4
re s id u e .
Treatm en t w ith  m ethario lic  HGl of e l a s t i n  from  ligam en tum  nuchae 
d id  n o t  appear t o . s e l e c t i v e l y  l i b e r a t e  any p a r t i c u l a r  re s id u e  as 
an N - te n n in a l (T able I 7 and F i g .7 ) ,  an o b se rv a tio n  w h ich r u le s  
o u t th e  p o s s i b l i t y  of th e  amino fu n c t io n  b e in g  b lo ck ed  by a forrnyl 
g ro u p , s in c e  t h i s  groups i s  r a p id ly  removed u n d er m ild  a c id  c o n d it io n s  
( 82) ,  F u rth erm o re , th e  f a i l u r e  o f gas chrom a tograph ic  a n a ly s is  to  
d e te c t  a c e t i c ,  p ro p io n ic  o r b u ty r ic  a c id  in  s u lp h u r ic  a c id  h y d ro ly ­
s a te s  o f e l a s t i n  from  ligam en tum  nuchae e l im in a te s  th e  p o s s i b l i t y  of 
th e  N-t|enm inal re s id u e  c a r ry in g  an a c e ty l ,  p ro p io n y l o r  but^nryl g roup .
Eoc^osure to  sodium  h y d ro x id e  in  d ioxan  o f a o r t i c  and lig a m e n t  
e l a s t i n  r e s u l t e d  in  bo th  c a se s  i n  a la rg e  in c re a s e  in  th e  c o n c e n tra ­
t i o n  o f  N - te rm in a l g ly c in e  w ith  o n ly  a s l i g h t  accompanying r i s e  in  
th e  c o n c e n t r a t io n  of o th e r  N -te rm in a l r e s id u e s .  These r e s u l t s  may 
on ly  in d ic a te  th e  p re se n c e  in  e l a s t i n  of p a r t i c u l a r l y  l a b i l e  p e p t id e  
bonds in v o lv in g  g ly c in e .  On th e  o th e r  hand th e y  cou ld  a r i s e  from  
th e  b a s e -c a ta ly s e d  rem oval o f a  fu n c t io n  w h ich masks th e  amino group 
o f N - te im in a l g ly c in e  i n  m a tu re  e l a s t i n .  In  t h i s  r e s p e c t  i t  i s  
w orthy  o f n o te  t h a t  t h i s  am ino a c id  has been i d e n t i f i e d  as th e  
N -teum inal re s id u e  of t r o p o e l a s t in  i s o la t e d  from  th e  a o r ta  o f  %
c o p p e r -d e f ic ie n t  sw in e , as a lre a d y  m en tioned (44)» However, in  
n e i th e r  a o r t i c  n o r lig am en t e l a s t i n  s u b je c te d  to  m ild  a lk a l in e  %
tr e a tm e n t /
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s t a b l e
tre a tm e n t  does th e  c o n c e n t r a t io n  o f g ly c in e  as am ino end-groups 
reac h  a l e v e l  s u f f i c i e n t l y  h i ^  as to  be co m p a tib le  w ith  th e  d
m o lecu la r w eig h t o f  t r o p o e l a s t in .
The fo llo w in g , a lth o u g h  of a h ig h ly  s p e c u la t iv e  n a t u r e ,  m igh t 
accoun t f o r  th e  above o b s e rv a t io n s .  The f i r s t  s te p  p o s tu la te d  by 
P a r t r id g e  and a s s o c ia te s  in  th e  b io s y n th e s is  o f  e l a s t i n  c r o s s ­
l in k s  was th e  o x id a t iv e  d eam in a tio n  of ly s y l  re s id u e s  in  th e  
p o ly p e p tid e  ch a in s to  form  re s id u e s  o f th e  -sem ialdehyde  of 
(X -am in o ad ip ic  a c id  ( a l l y s in e )  (83 , 84) ,  l a t e r  id e n t i f i e d  in  
p u r i f i e d  e l a s t i n  p re p a ra t io n s  (1 2 ,8 5 ,8 6 ) . R es idues o f  a l ly s in e  
may condense w ith  one a n o th e r  a n d /o r  w ith  th e  e -am ino group o f 5
unm odified  l y s y l  re s id u e s  to form  bo th  desm osine and ly s in o n o r le u c in e  ,'i
1( 8 7 9 1  )* I t  i s  su g g e s te d  t h a t  th e  f r e e  amino fu n c t io n  o f  N- 
te rm in a l  g ly c in e  condenses w i th  an a l l y s y l  re s id u e  to  form  a S c h i i f  j
b a s e , i n  th e  same way t h a t  a l y s y l  s id e  ch a in  may r e a c t  w ith  an a l l y s y l  
re s id u e  to  form  th e  S c h if f  b a se  -  d e h y d ro ly s in o n o rle u c in e  4
(86)» I t  i s  p o s s ib le  t h a t  th e  S c h if f  base  form ed from  N - te rm in a l ' £
%
g ly c in e  and an a l l y s y l  re s id u e  m igh t be v e ry  l a b i l e  to  c le a v a g e  fa
under m ild  a lk a l in e  c o n d itio n s  b u t show some d eg ree  of s t a b i l i t y  
in  anhydrous m e th an o lic  HCl, when a m ethanol ad d u c t m igh t be 
form ed. I t  w ould be ex p ec ted  t h a t  , under p h y s io lo g ic a l  c o n d itio n s  
a p ro p o r t io n  o f th e  S c h if f  bases  would be re d u c e d , r e s u l t in g  in
1
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13»5 moles p e r  lO^g o f p r o te in  n e c e ssa ry  to  acco u n t fo r  th e  
m o lecu la r w e ig h t of t r o p o e l a s t in .
Ii
1
s t a b l e  d e r iv a t iv e s  such t h a t  th e  amino fu n c t io n  o f N - te m in a l  
g ly c in e  wou].d n o t  be l i b e r a t e d  upon t re a tm e n t  w ith  a l k a l i .  I f  b
t h i s  s i t u a t i o n  d id  e x i s t  th e  c o n c e n tra tio n  o f  N - te rm in a l g ly c in e  
d e tec ted -- a f t e r  m ild  a lk a l in e  tre a tm e n t  would be l e s s  th a n  th e
I
The e le c t r o n  m ic ro sco p ic  ev idence p re s e n te d  in  t h i s  s tu d y  
e s s e n t i a l l y  c o rro b o ra te d  p rev io u s  o b se rv a tio n s  on th e  u l t r a s t r u c t u r e  ^
o f  e l a s t i n  conducted  on p re p a ra t io n s  o f bov ine ligam en tum  nuchae 
and human a o r ta  p u r i f i e d  by a l k a l i  a n d /o r  th e rm a l t r e a tm e n t  (5 0 ,3 4 ) .
I t  d em o n s tra te s  t h a t  th e  f i b r i l s  c o n s is t  of a p a r a l l e l  a r r a y  of 1
p r im ary  f ila m e n ts  o f in d e f i n i t e  le n g th .  The presence of such f i la m e n ts  
in  sam ples n o t  s u b je c te d  to  s o n ic a t io n  o r exposed to  d im eth y lsu lp h o x id e  
r u le s  o u t th e  p o s s i b i l i t y  of t h i s  u l t r a s t r u d t u r a 1 p a t t e r n  a r is in g  
from  c o n fo rm a tio n a l changes induced  by th e se  tre a tm e n ts .
I t  sh o u ld  be m en tioned  th a t  th e  i d e n t i f i c a t i o n  o f  p r im ary  /
f i la m e n ts  i n  e l a s t i n  has been a t t r i b u t e d ,  on th e  grounds o f  a g ro ss  
m o rp h o lo g ica l s i m i l a r i t y ,  to  th e  p re sen ce  in  th e  p re p a ra t io n  o f p a r t l y  
degraded  c o lla g e n  f i b r i l s  ( 5 l ) .  However, such a c la im  i s  n o t  in  
keep in g  w i th  th e  ab sence of a 2 .8 6  % m e rid io n a l and a 1 0 .4  ^ e q u a to r ia l
r e f l e c t i o n /
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r e f l e c t i o n  in  th e  w id e -a n g le  X -ray  s c a t t e r in g  p a t t e r n  re p o r te d  in  
F ig . 13 ( 92) .  M oreover, th e  c o lla g e n  f i b r i l s  o f  bov ine ligam en tum  y
nuchae e x h ib i t  an av erag e  d ia m ete r of abou t 500 X w hich is  l a r g e ly  
exceeded by th a t  o f  th e  e l a s t i n  f i b r i l s  re so lv e d  in t o  c o n s t i tu e n t  |
f i la m e n ts  by e i th e r  s o n ic a t io n  (50) o r  tre a tm e n t  w ith  d im e th y l­
su lp h o x id e  (F ig s . 9 , 10)0
I t  i s  open to  s p e c u la t io n  w he ther th e  rem ark ab le  deg ree  of 
p r e f e r e n t i a l  o r i e n t a t io n  o f th e  p rim ary  f i la m e n ts  a lo n g  t h e . a x is  
o f th e  f i b r i l  observed  u nder th e  e le c tro n  m icroscope i s  t y p i c a l  
of th e  m a te r ia l  in  th e  r e la x e d ,  h y d ra te d  s t a t e  o r  has been p a r t l y  
c a u se d |b y  u l t r a s  t r u e t u r a l  rea rran g em en ts  induced  by vapour -  or 
o sm o tic -p re s su re  g ra d ie n ts  and s u r fa c e  te n s io n  fo rc e s  o c c u rr in g  
d u r in g  th e  drying-dow n phase in  th e  p re p a ra t io n  o f specim ens f o r  
e le c tro n  m ic ro sco p ic  ex am in a tio n , H w e v e r , th e  a n is o t ro p y  o f 
en zy m ica lly  p u r i f i e d  e l a s t i n  is  su p p o r ted  by the  f in d in g  t h a t  th e  
p r o te in  e x h ib i ts  u n i a x ia l  p o s i t i v e  b i r e f r in g e n c e  and by th e  r e s u l t s  y
of th e  X-ra.y d i f f r a c t i o n  a n a ly s i s .  In  th e  in t e r p r e t a t io n  o f th i s  
e v id en ce , i t  sh o u ld  be n o te d  th a t  bo th  low-power and scan n in g  
e le c tro n  m icroscopy have shown th e  lig a m e n t  to  be composed o f 
in t e r la c e d  f i b r e s  (50)-. These f i b r e s , '  w h ich c o n s is t  o f bundles 
o f f i b r i l s ,  a re  p r e f e r e n t i a l l y  b u t n o t  p e r f e c t ly  o r ie n t a te d  r e l a t i v e  y
to  th e  m ajor a x is  o f  th e  l ig a m e n ts ,  a f a c t  t h a t  may acco u n t f o r  the 
o b se rv a tio n  t h a t  th e  b i r e f r in g e n c e  of th e  p r o t e in  e s t im a te d  on f i b r e s ,
a v e ra g in g /
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a v erag in g  7 ^ m  in  di.am eter, exceeds by two o rd e r  of m agn itude th e
v a lu e  d e te rm in ed  by G o tte  e t  a l .  w ith  m acroscop ic  sam ples (59 )• A
-2b i r e f r in g e n c e  o f the  o rd e r  of 1 x  10 , as re p o r te d  in  th e  p r e s e n t
in v e s t i g a t io n ,  is  in  the  range of v a lu e s  e x h ib ite d  by p ro te in s  w ith  
an a p p re c ia b le  d eg ree  of s t r u c t u r a l  o rg a n is a t io n  (93)* The la c k  of 
a lignm en t of th e  f i b r i l s  in  u n s t r e tc h e d  e l a s t i n  may a ls o  be re s p o n s ­
i b l e  f o r  th e  ab sence of any s i g n i f i c a n t  r e f l e c t i o n  in  th e  sm a ll 
an g le  X -ray  s c a t t e r in g  p a t t e r n  o f re la x e d  specim ens. T h is i n t e r ­
p r e ta t io n  is  su p p o r ted  by th e  appearance o f a f a i n t  and a lm o s t 
com plete d i f f r a c t i o n  r in g ,  w ith  an e q u a to r ia l  i n t e n s i t y  mazeimum 
(F ig , 1 4 i ) , when th e  coherence  o f  th e  s t r u c t u r a l  u n i t s  i s  enhanced by 
m oderate s t r e t c h in g  and by th e  f a c t  t h a t  the  r e f l e c t i o n  becomes 
a lm os t e n t i r e l y  e q u a to r ia l  upon f u r th e r  e lo n g a t io n  o f  th e  specim en 
(F ig .15). Th is e q u a to r ia l  a r c ,  co rre sp o n d in g  to  a sp ac in g  of ^
50 is  co n ce iv ed  to  r e p r e s e n t  th e  c e n t r e  to  c e n t r e  d is ta n c e  o f th e  
p rim ary  f i la m e n ts  s in c e  t h i s  v a lu e  i s  in  good agreem en t w ith  t h a t  J
o b ta in ed  from m easurem en ts conducted  upon e le c t r o n  m icrographs 
(F ig ,1 0 ) ,  The p re se n c e  of an a d d i t io n a l  e q u a to r ia l  r e f l e c t i o n  a t
46 in  specim ens exam ined a t  an e lo n g a t io n  of 1 .6 5  i s  s u g g e s t iv e  
o f an uneven d i s t r i b u t i o n  o f  s t r e s s  among f i b r i l s  p ro ceed in g  th e  
m acroscop ic  f a i l u r e  o f th e  m a te r i a l .  Th is reduced  sp a c in g  c o r r e s -  /
ponds to  th e  minimum v a lu e  f o r  th e  f i la m e n t  c e n t r e  to  c e n t r e  d is ta n c e  ;
observed in  electron micrographs. '
The/
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The e lo n g a t io n  a t  breakage, of sam ples of en zy m ica lly  p u r i f i e d  
e l a s t i n  i s  g r e a te r  th a n  that e x h ib ite d  by a lk a li-trea ted  p re p a ra t io n s  
and com parable to  t h a t  o b served  w ith  au to c lav e d  e l a s t i n  (5 2 ). Th is 
v a r i a b i l i t y  may be a r e f l e c t i o n  o f the  e x te n t  o f  ch a in  damage 
induced  by th e  i s o l a t io n  p ro c e d u re . In t h i s  r e s p e c t  i t  i s  s i g n i ­
f i c a n t  t h a t  th e rm a lly -  and a l k a l i - p u r i f i e d  sam ples e x h ib i t  concen­
t r a t i o n s  o f  N - te rm in a l re s id u e s  w h ich a re  r e s p e c t iv e ly  3 and 14 
tim es as h ig h  as th o se  found in  p re p a ra t io n  t r e a te d  w ith  c o U a g e n a se .
The p re se n c e  in  en zy m ica lly  p u r i f i e d  e l a s t i n  o f on ly  1 mole of 
am ino end-groups p e r lO&g of p r o te in  co rrespond s  to  one p e p t id e  |
bond c leav ag e  every  300 in t e r - c r o s s l in k a g e  ch a in  seg m en ts , assum ing 
a Me o f 3)400 d a l to n s .  Th is v a lu e  w hich has been c a lc u la te d  from  
th e  number of l y s y l  re s id u e s  u t i l i s e d  in  th e  fo rm a t io n  of c r o s s - l in k s ,  
assum ing t h a t  a l l  such c r o s s - l in k s  a re  in t e r - c h a in  and u n i t e  tivo 
c h a in s  on ly  (94)» i s  in  k eep in g  w i th  t h a t  o f  3 ,250  d e term ined  from 
s t r e s s - s t r a i n  m easurem en ts (5 9 ) . Th is l e v e l  o f damage i s  so  
i n s i g n i f i c a n t  t h a t  i t  c a n n o t accoun t f o r  th e  v e ry  low t e n s i l e  s t r e n g th  
(3.9 X 10^ dynes cm“^) and b re a k in g  s t r a i n  (0 .7 7 )  of th e  m a te r ia l  ^
w hich m ust th e re f o r e  p o sse ss  o n ly  a m in im al d eg ree  o f s t r u c t u r a l  
s t a b l i s a t i o n  and i t  i s  p ro b a b le  t h a t  m a c ro f ib re s  ru p tu re  when th e  
a p p l ie d  s t r e s s  overcomes th e  l a t e r a l  co h e s iv e  fo rc e s  o p e ra t iv e  a t  
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a la c k  o f l a t e r a l  co h e s io n  even between p-im ary f ila m e n ts  as they  
can be s e p a ra te d ,  w ith o u t a p p a re n t  damage, by s o n ic a t io n  ( F ig .1 1 ).
Th is f in d in g  r u le s  o u t th e  p o s s i b i l i t y  of e x te n s iv e  in t e r - f i l a m e n t  
c r o s s - l in k in g  o f a c o v a le n t  n a tu re  in t e r lo c k in g  th e  s t r u c tu r e s  in  
a th re e -d im e n s io n a l netw ork .
Sequence a n a ly s e s ,  c a r r i e d  o u t on th e  s o lu b le  e l a s t i n  p re c u rs o r  
is o la t e d  from  p o rc in e  a o r t i c  t i s s u e ,  have shown t h a t  c r o s s - l in k in g  y
o f e l a s t i n  p o ly p e p tid e  ch a in s  a r is e s  from th e  in t e r a c t io n  o f m o d ified  
ly s y l  re s id u e s  lo c a te d  in  groups of two o r more in  a la n in e - r i c h  t
sequences w h ich a re  se p a ra te d  by 35 -  100 amino a c id  re s id u e s  (94,
9 5 ). jFurtherm ore, a t  p r e s e n t  i t  appea rs  t h a t  even th e  p o ly fu n c t io n a l  
am ino a c id  desm osine and iso d e so rn s in e , w hich a re  p o t e n t i a l l y  cap ab le  
o f u n i t in g  up to  fo u r  p o ly p e p tid e  c h a in s ,  do, in  f a c t ,  o p e ra te  only 
as b i f u n c t io n a l  c r o s s - l in k s  (9 6 ). In  view of th e  h ig h  e f f ic ie n c y  
e x h ib ite d  in  th e  co n d en sa tio n  o f  o x id ise d  ly s y l  re s id u e s  d u rin g  
c r o s s - l in k  fo rm a tio n  in  e l a s t i n ,  as in d ic a te d  by th e  p re se n c e  in  ih e  
m ature p r o te in  of on ly  5 -  8^ o f th e  am inoad ip ic  sem ialdehyde re s id u e s  
o r i g i n a l l y  a v a i l a b l e ,  i t  i s  p o s tu la te d  t h a t  th e  prim ary f i la m e n t  i s  
c o n s t i tu te d  by s e v e r a l  p o ly p e p tid e  ch a in s  in  l a t e r a l  a lig n m e n t ,  
r e g is t e r e d  in  such a way as to  maximise th e  o v e r la p  of t h e i r  c ro s s -  
l in k in g  s i t e s .  The p re se n c e  of o n ly  two d i f f u s e  r in g s  in  th e  w ide- q
an g le  X -ray  d i f f r a c t i o n  p a t t e r n  o f  bo th  re la x e d  and s t r e t c h e d  e l r s t i n  
and th e  la c k  o f any m e rid io n a l r e f l e c t i o n  in  th e  s m a ll-a n g le  X -ray
j
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s c a t t e r in g  p a t te r n s  su g g e s t  t h a t  th e  segments o f  p o ly p e p tid e  c h a in s  
lo c a te d  betw een a d ja c e n t  c r o s s - l in k  s i t e s  adop t a d iso rd e re d  
c o n fo rm a tio n . Th is is  a l s o  in d ic a te d  by th e  r e s u l t s  o f  c i r c u l a r  
d ic h ro ism  (5 3 ) , n u c le a r  m agnetic  resonance  (97) and Raman
S p ec tro sco p y  (98) in v e s t ig a t io n s  conducted  on th e  i n t a c t  p r o te in .  4
s
However, i t  can n o t be excluded th a t  s h o r t  sequences may e x h ib i t  a ' /,1'iseco n d ary  co n fo rm a tio n , p o s s ib ly  in  th e  form of B - tu rn s  w h ich have 'y
been p o s tu la te d  to  occur in  some e l a s t i n  p e p t id e s  (99 ,100 ) and 
w hich a re  c h a r a c t e r i s t i c  o f s y n th e t ic  polym ers o f a f iv e - r e s i d u e  ^
r e p e a t  (V al-P ro -G ly -V a l-G ly ) t y p i c a l  of e l a s t i n  (1C9.,).
I f  th e  c o v a le n t  c r o s s - l in k s  a re  indeed  c o n f in e d  w ith in  th e  
p rim ary  f i l a m e n t s , i t  i s  p o s s ib le  t h a t  perm anen t d isp la cem e n t of 
th e s e  s t r u c t u r a l  u n i t s  r e l a t i v e  to  one a n o th e r  under s t r e s s  i s  
p re v e n te d  by hydrophob ic  in t e r a c t io n s  o p e ra t iv e  in  a fa s h io n  s im i la r  
to  t h a t  p roposed  by U rry e t  a l .  to  accoun t f o r  th e  f  orm atbn o f 
f i la m e n ts  in  c o a c e rv a te s  o f t r o p o e l a s t in ,  « -  e l a s t i n  and s y n th e t ic  
p o ly p e n ta p e p tid e s  (10 2 -1 0 4 ). Th is v iew  i s  su p p o r ted  by th e  marked 
e f f e c t  o f d im e th y lsu lp h o x id e  in  enhanc ing  th e  d i f f u s io n  o f  u ra n y l 
fo rm a te  in to  th e  i n t e r i o r  o f th e  f i b r i l .  There i s ,  how ever, some 
e le c tro n  m ic ro sco p ic  ev id en ce  p o in t in g  to  a p o s s ib le  p a r t i c ip a t io n  
o f c o v a le n t  c r o s s - l in k s  in  th e  s ta b i l is a t io n  o f e l a s t i n  f i b r i l s  in  
a o r t a  (34)•
A lthough m acroscop ic  specim ens o f e l a s t i n  c o n s is t  of a n e t -
work of im p e r fe c t ly  a l ig n e d  f i b r e s ,  th e  ev id en ce  p re s e n te d  in  
th i s  a'tudy shows t h a t  th e  m a te r ia l  e x h ib its  a h ig h  d eg ree  of 
a n iso t ro p y  a t  th e  m o lecu la r  l e v e l  in  t h a t  th e  f i b r i l s  a re  c o n s t i tu te d  
by a x i a l l y  o r ie n t a te d  p rim ary  f i la m e n ts .  One, th e r e f o r e ,  q u e s t io n s  
th e  v a l i d i t y  o f th e  a p p l ic a t io n  o f e q u a tio n s  d e riv e d  f o r  is o t r o p i c  
system s (5 5 ,5 7 ) to  th e  i n t e r p r e t a t io n - o f  th e  e l a s t i c  p r o p e r t ie s  of 
t h i s  f ib ro u s  p r o t e in .
In  c o n t r a s t  to  p u re  e l a s t i n ,  sam ples of ligam en tum  nuchae 
e x h ib i t  a  h ig h  t e n s i l e  s t r e n g th  (g r e a te r  th a n  3 x  lO^dynes cm "-) 
and do n o t  undergo f a i l u r e  b e fo re  e lo n g a t io n s  o f th e  o rd e r  of 1 .2 .
The s t r e s s - s t r a i n  curve  o f  u n t r e a te d  lig am en t is  m arked ly  b ip h a s ic ,  
th e  in f l e c t i o n  p o in t  o c c u rr in g  a t  an e lo n g a t io n  o f ap p ro x im a te ly  
0 .7 2  (^ ig .  1 2 ,1  and T able 1 9 ) .  The f i r s t  p o r t io n  o f the .cu rv e  i s  
rem arkab ly  l i n e a r ,  th e  Young’s modulus o f th e  m a te r ia l  b e in g  4*7 x  
10^ dynes cm a s im i la r  v a lu e  to  th a t  shown by p u re  e l a s t i n  
(5 .5  X 10^ dynes cm"*2) w h ich , how ever, undergoes f a i l u r e  above e lo n g ­
a t io n s  o f 0 . 77. As p re v io u s ly  d is c u s se d  ru p tu re  of specim ens of 
e l a s t i n  would seem to  o ccu r because of s l ip p a g e ,  w hich i s  p rev en ted  
in  th e  lig am en t by th e  i n t e r - r e l a t i o n  o f e l a s t i n  and o th e r  s t r u c t u r a l  
com ponen ts, m ost o b v io u s ly  th e  c o lla g e n  f i b r i l s  which envelope each 
e l a s t i n  f i b r e .  The r o le  of th e  m i c r o f i b r i l l a r  com ponen t, w hich is
p re su m eab ly /
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presum eably  im p lic a te d  in  th e  b eh av io u r of l ig a m e n t ,  is  h a rd  to  'I
a s c e r t a in ;  tre a tm e n t  o f ligam en tum  nuchae w ith  d i t h i o t h r e i t o l  
r e s u l t s  i n  a system  show ing a b ip h a s ic  s t r e s s - s t r a i n  c u rv e , th e  
second p o r t io n  o f w hich i s  o n ly  one f i f t h  as s te e p  as t h a t  f o r  |
u n t r e a te d  lig a m e n t .  However, d i t h i o t h r e i t o l  and g u an id in e  n o t  
o n ly  s o l u b i l i s e  th e  m i c r o f i b r i l l a r  component b u t  a ls o  d e n a tu re  and 
remove a c o n s id e ra b le  amount of c o l la g e n . vVhen sam ples o f ligam en tum  
nuchae a re  t r e a te d  o n ly  iv ith  c o lla g e n a se  th ey  e x h ib i t  a beh av io u r 
s im i la r  to  t h a t  o f p u r i f i e d  e l a s t i n ,  a lth o u g h  show ing a s l i g h t l y  
g r e a te r  b reak in g  s t r a i n .  T h is l a t t e r  f a c t  may be a  consequence o f  
th e  inco m p le te  rem oval o f c o l la g e n  s in c e  a s s o c ia te d  m u co p ro te in , 
s o lu b i l is e d  in  g u an id in e  and d i t h i o t h r e i t o l  in  th e  p re p a ra t io n  o f 
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p ro c e d u re s , have been shown to  c o n s is t  of two m o rp h o lo g ic a lly
d i f f e r e n t  com ponen ts: a  c e n t r a l l y  lo c a te d ,  a p p a re n t ly  amorphous
s t r u c t u r e  composed o f  e l a s t i n ,  su rrounded  by a la y e r  o f tu b u la r  |
m ic ro f ib r l ls , ap p ro x im a te ly  11 nm in  dieM hter (105 -  1 0 ? ) . These
m i c r o f i b r i l s ,  r e f e r r e d  to  as th e  m i c r o f i b r i l l a r  com ponen t, have
been observed  in  a s s o c ia t io n  w ith  e l a s t i n  in  m a tu re  e l a s t i c  f ib r e s
from  f o e t a l  and new -born c a l f  ligam en tum  nuchae (105 ~ 1 0 8 ),
d ev e lo p in g  r a t  tendon (1 0 9 ) ,  and v a r io u s  o th e r  t i s s u e s .  The
m i c r o f i b r i l l a r  component shows a marked a f f i n i t y  f o r  le ad , osmium
and u ra n y l a c e t a t e ,  i n  contrESst to tie amorphous component which s t a i n s
w i th  p h o sp h o tu n g s tic  a c id  (2 2 ) . M ic r o f i b r i l l a r  m a te r ia l  is  n o t
s o lu b i l is e d  by a u to c la v in g , b u t i s  s u s c e p t ib le  to  a t ta c k  byr
chym o tryps in (EC 3»4«4»5) and is . degraded  by tre a tm e n t  w ith  h o t  #
a l k a l i  (1 1 0 ). 4
The o n ly  a v a i la b le  r e p o r ts  on th ech em ica l com p o s itio n  o f  th e  f
ifm i c r o f i b r i l l a r  component a r e  th o se  p u b lish e d  by Ross and Bornst e in  if
■I(22 ,110 ) who i s o l a t e d  th e  p r o t e in  from  f o e t a l  bov ine ligam en tum  
n u ch ae , ren d e red  c o l la g e n - f r e e  by exposure to  c o l la g e n a se . The 
component was s o lu b i l i s e d  by th e  re d u c t iv e  c leav ag e  o f d is u lp h id e  
bonds w i th  d i th io e ry th û k o l  in  5M g u a n id in e . The amino a c id  
com pos itions d e te rm in ed  f o r  t h e  m i c r o f i b r i l l a r  component in  th e se  
two in v e s t ig a t io n s  a r e  p re s e n te d  in  Table 20. Tpe p r o te in  i s  r ic h
i n /
I
T able 20 The Amino a c id  com pos ition  o f  th e  M ic ro X lb r i l la r  
component is o la t e d  from F o e ta l  bov ine  ligam en tum  
nuchae . (Values a re  ex p re ssed  as re s id u e s  p e r  
1000 amino a c id  r e s id u e s ) .
II" I
R e fe ren ce : ( 2 2 ) (110) . s  # 
1
H ydrcxypro line n .d . d
A sp a r tic  a c id 114 .0 1 2 7 .0
T hreon ine 55.1 6 5 .0
S e r in e 58.9 77 .5
G lutam ic a c id  
P ro l in ç
111 .0
70 .4
1 3 6 .0
6 0 .5 '■1
G lyc ine 120 .0 1 0 6 .0
A lan ine : - 58 .9 6 3 .0 i.1


















T yros ine 30 .0 33 .7
-J








H is t id in e 1 4 .2 1 0 .2 ■ 1
A rg in ine 45 .2 54 .0
Tryp tophan n .d . 2 4 .8 ■i
II
"1%
in  p o la r  and s u lp h u r - c o n ta in in g amino a c id s  aid does n o t  c o n ta in  
any o f th e  p o ly fu n c t io n a l  am ino a c id s  c h a r a c t e r i s t i c  of e l a s t i n .  
In  th e  p re p a ra t io n s  th e  p r o te in  was found do be a s s o c ia te d  w ith
t h a t  th e  e a r l i e s t  re c o g n is a b le  e l a s t i c  f ib r e s  c o n s i s t  s o le l y  of 
bundles o f th e se  s t r u c t u r e s ,  e l a s t i n  ap p ea rin g  a t  a l a t e r  s ta g e  
in  th e  developm en t of th e  f i b r e  (1 0 6 ,1 0 7 ,1 0 9 ,1 1 1 ,1 1 2 ).
S u ch /
■ s '
■4
bo th  hexose and hexosam ine. 4
The m ic r o f i b r i l s  may be o f c o n s id e ra b le  im portance in  th e  
m orphogenesis of e l a s t i c  t i s s u e  as s e v e r a l  in v e s t ig a to r s  have shown
An in v e s t i g a t io n ,  n o t  h e re  r e p o r te d ,  on th e  s t r u c t u r a l  
arrangem en t o f th e  components of e l a s t i c  t i s s u e ,  p rim ad ly  lig a m e n t ,  
i s  a t  p r e s e n t  in  p ro g re s s  in  t h i s  la b o ra to r y .  E lectronm icroscop is.- 
exam ina tion  o f  t r a n s v e r s e  s e c t i o n s ,  c u t s e r i a l l y  from r a b b i t  
ligam en tum  flavum , has re v e a le d  tha ,t th e re  i s  no in s e r t io n  of e l a s t i n  
in to  bone; r a t h e r 'ÜXi e l a s t i n  f i b r e s  app ea r to  te rm in a te  in  a h ig h ly  
co llag en o u s  re g io n  co n n ec ted  to  th e  v e r te b ra .
As w ould be e x p ec ted , rem ova l, by co li.agenase  d ig e s t io n ,  o f •/
th e  co llag en o u s  component d r a s t i c a l l y  a l t e r s  th e  m echan ica l b eh av io u r 
o f  .. th e  lig a m e n t ,  ^
81.
Such m ech an ica l and e le c tro n m ic ro sc o p ic  in v e s t ig a t io n s  o f 
ligam en tum  flavum  in d ic a te  t i ia t  i t s  e l a s t i c  b eh av io u r is  th e  
r e s u l t  of a h ig h ly  o rg a n ise d  s t r u c t u r a l  re la tio n sh ip  betw een th e  
v a r io u s  components m ost o b v io u s ly  e l a s t i n  and c o lla g e n . An 
u n d e rs ta n d in g  o f t h i s  com plex s t r u c t u r a l  r e l a t io n s h i p  w ould be 
f a c i l i t a t e d  by a knowledge o f  th e  p h y s ic a l  and c h e p ic a l  p r o p e r t ie s  
o f a l l  th e  components p r e s e n t  in  th e  t i s s u e  and i t  was f e l t ,  
th e r e f o r e ,  t h a t  a  c h a r a c te r i s a t io n  o f th e  m i c r o f i b r i l l a r  com ponen t, 
fo r  w h ich  th e re  i s  such a  s c a r c i t y  o f  d a ta ,-  m ight p rove to  be o f  





P u r i f i c a t io n  o f P o lla g e n a se
A com m ercia lly  a v a i la b le  C lo s tr id u im  h is to ly t ic u m  c o lla g e n a se  
(EC 3*4*4*I-9) p re p a ra t io n  (Sigma (London) Chem ical C o ., L t d . ,  Type 
1 )  was b a t c h - p u r i f ie d  w ith  DEAE c e ll.u lo se  as d e s c r ib e d  in  S e c tio n  
A • The enzj^mie p re p a ra t io n  was th e n  p u r i f i e d  f u r th e r  by a f f i n i t y  
chrom a tography, under e x p e rim e n ta l c o n d itio n s  v e ry  s im i la r  to  th o se  
employed in  th e  p u r i f i c a t i o n  o f c o lla g e n a se  to  be used  in  th e  i s o l a t io n  
o f e l a s t i n .  However, th e  a f f i n i t y  su p p o r t d id  n o t  c o n s is t  o f NaOH- 
t r e a te d  e l a s t i n  from  bov ine ligam en tum  nuchae (1 ? ) ,  b u t r a th e r  of 
in s o lu b le  e l a s t i n  i s o l a t e d  from bov ine ligam en tum  nuchae by re p e a te d  
a u to c la jr in g  (1 5 ) , as a l re a d y  d e ta i l e d  in  S e c tio n  A. A lthough 
a u to c la v in g  removes m ost o f th e  c o lla g e n  n o rm ally  a s s o c ia te d  w ith  
e l a s t i n  i t  does n o t  s o l u b i l i s e  th e  m i c r o f i b r i l l a r  component (28 , 2 9 ) .
A column c o n s is t in g  o f e l a s t i n  p u r i f i e d  by a u to c la v in g  sh o u ld , 
th e r e f o r e ,  r e t a i n  th o s e  p r o te in s  p o sse ss in g  a c t i v i t y  tow ards e i th e r  
e l a s t i n  o r th e  m i c r o f i b r i l l a r  component when an im pure c o lla g e n a se  g
p re p a ra t io n  is  p a ssed  th rough  i t ,  %
An. a l iq u o t  o f th e  p a r t l y  p u r i f i e d  c o lla g e n a se  p r e p a ra t io n  was 
d is s o lv e d  i n  5 ml 15mM T r is  (pH 7*5) c o n ta in in g  1 mM CaCl^, and 
a p p l ie d ,  under g r a v i ty ,  to  a column ( I .3  x  6 .0  cm) of c o a r s e ly  
miU-ed e l a s t i n  -  p u r i f i e d  by a u to c la v in g  -  e q u i l ib r a te d  w ith  th e  
same b u f f e r .  E lu tio n  was perform ed a t  a. flow  r a t e  of 20 ra l/h  a t  
4°C, th e  f i r s t  18 ml o f e f f lu e n t  b e ing  c o l le c te d  and s to r e d  a t  4°C.
B e fo re /
83.
B efore u s e ,  th e  enzyme s o lu t io n  was t e s t e d  f o r  a c t i v i t y  tow ards 
in s o lu b le  c o lla g e n  ( c a l f - s k in )  as p re v io u s ly  d e s c r ib e d .
The I s o la t io n  o f th e  M ic r o f i b r i l l a r  Component.
From Bovine Ligamentum Nuchae.
The m i c r o f i b r i l l a r  component was e x tra c te d  from  ligam en tum  
nuchae by tre a tm e n t  o f t h e t i s s u e  w ith  d i t h i o t h r e i t o l ,  which r e d u c t iv e ly  
cleaves ', d is u lp h id e  bonds. The re fo rm a tio n  o f th e se  bonds upon 
rem oval of th e  re a g e n t  was p rev en ted  by r e a c t io n  o f su3.phydryl 
groups w i th  io d o a c e tic  a c id ,  as d e sc r ib e d  by Ross and B o rn s te in  (2 2 ) , 
to  form a ca rboxym ethy la ted  d e r iv a t iv e  of th e  m i c r o f i b r i l l a r  
com ponent.
The lig a m e n t was removed from  th e  c a rc a s s e s  o f th r e e -y e a r  o ld  
c a t t l e ,  d is s e c te d  f r e e  from  a d h e rin g  t i s s u e s  and homogen ised in  i c e -  
co ld  H^O b e fo re  b e in g  d e f a t te d  and dehy d ra led  in  ch lo ro fo rm -m e th an o l 
(3 :1  by volum e) f o r  24 h rs  a t  4°C. T)ie d e f a t te d  m a te r ia l  was 
c o l le c t e d ,  a i r - d r i e d  and ground in  a ham m er-m ill to  a  f in e  cream - 
c o lo u re d  powder w hich was e x t r a c te d  w ith  a la r g e  volume o f  1% NaCl 
fo r  24hrs a t  4^8, in  th e  p re sen ce  of a sm a ll amount of to lu e n e .
T he/
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84. 1
y
IThe re s id u e  was c o l le c te d  by c e n t r i f u g a t io n  and washed th o ro u g h ly  y
w ith  w a te r  p r io r  to  l y o p h i l l s a t i o n . ,y
An a l iq u o t  (lOOg) o f th e  ly o p h i l is e d  m a te r ia l  was suspended in  
1000 ml 5M g u an id in e  h y d ro c h lo r id e  (62)-0.1M  T r is  (pH 7*4) and 
e x tra c te d  w ith  co n tin u o u s  s t i r r i n g  f o r  24 h rs  a t  4°C. The extraction ' i
Was re p e a te d  f o r  a to ta l of s i x  24 -  h r  p e r io d s ,  a f t e r  w hich th e  
e x t r a c t io n  re s id u e  was suspended  in  500 ml 5M g u an id in e  h y d ro c h lo r id e  
-  O.IM T r is  (pH 7*4) c o n ta in in g  0.4% EDTA and degassed  under reduced  
p re s s u re  b e fo re  b e in g  p la c e d  under a n i t ro g e n  b a r r i e r ,  D i t h i o t h r e i t o l  ,;4
Was added to  a c o n c e n t r a t io n  o f  0.05M, the  v e s s e l  s e a le d ,  and th e
s
suspension s t i r r e d  f o r  48 h rs  a t  37°0 . At th e  end o f t h i s  tim e the /
su sp e n s io n  was t r a n s f e r r e d ,  under a n i t ro g e n  b a r r i e r ,  to  an a i r -
t i g h t  c e n t r i f u g e  p o t  and c e n t r i fu g e d  a t  23 000 x  g f o r  3O m in u te s .
The s u p e rn a ta n t  was t r a n s f e r r e d  to  a l i g h t - p r o o f  v e s s e l  and th e  pH 
o f  th e  s o lu tio n  a d ju s te d  to  3. v a lu e  o f 8 .6  w i th  IN NaOH. A fresldby 
p rep a red  s o lu t io n  o f io d o a c e tic  a c id  (1 8 .6g , a f o u r - f o ld  m olar 
excess over d i t h i o t h r e i t o l )  in  IN NaOH (69*6 m l) was then  added , th e  
v e s s e l  s e a le d  and the  r e a c t io n  m ix tu re  s t i r r e d  fo r  45 m in u te s . IL ight, was excluded  from  the  r e a c t io n  in  o rd e r to  prevent ihe fo rm a t io n  /
o f  io d in e  which may r e a c t  w ith  h i s t i d i n e  and ty r o s in e  r e s id u e s .  A 
f iv e - f o ld  m o lar excess o f m ercap toehhanol over io d o a c e tic  a c id  was 
added and th e  s o lu t io n  d ia ly s e d  a g a in s t  f r e q u e n t  changes o f H^O fo r 
48 h rs  a t  4° 0 , when a  w h ite  p r e c i p i t a t e  formed w ith in  th e  d i a l y s i s  |
’ ac « j
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sac. Three volumes o f c o ld  e th a n o l w ere added to  th e  r e t e n t à t e  
to  a id  th e  c o l le c t io n  o f th e  p r e c i p i t a t e  by low speed c e n t r i f u g a t io n .  
The p r e c i p i t a t e  was washed w ith  50% aqueous e th a n o l ,  d eh y d ra ted  w ith  
e th a n o l,  ace to n e  and d ie th y l  e th e r  and a i r - d r i e d  to  a f in e  w h ite  
powder.
C on tam ina ting  c o lla g e n  was removed by tre a tm e n t  w ith  c o l l ­
agenase p u r i f i e d  by a f f i n i t y  chrom a tography. A liq u o ts  o f th e  d r ie d  
p re p a ra t io n  of S -  carboxym ethy l m i c r o f i b r i l l a r  component vjere 
suspended in  O.OIM CaClg, th e  pH of th e  su sp e n s io n  a d ju s te d  to  a 
v a lu e  of 7 .5  w ith  O.OIN NaOH and c o lla g e n a se  added to  g iv e  a 
re s id u e  to  enzyme r a t i o  of ap p ro x im a te ly  500 :1 . The d ig e s t io n  vms 
allow ed  to  p ro ceed  a t  37°C and pH 7*5, t h i s  v a lu e  b e in g  m a in ta in e d  
by th e  a d d i t io n  o f O.OIN NaOH u s in g  a Radiom eter pH s t a t e  a r ra n g e ­
m en t, as d e ta i le d  f o r  th e  p u r i f i c a t i o n  of e l a s t i n .  vVhen th e r e  was 
no in d ic a t io n  o f f u r th e r  d ig e s t io n ,  th e  su sp e n s io n  was c e n t r ifu g e d  
a t  38 000 X g f o r  90 m in u te s , th e  re s id u e  resu sp en d ed  in  O.OIM 
CaClg and th e  t r e a tn e n t  w ith  c o lla g e n a se  re p e a te d . The S _ carboxy- . 
m ethy l m i c r o f i b r i l l a r  component was c o l le c te d  by centrifugation and 
washed with w a te r .  P re l im in a ry  in v e s t ig a t io n s in  w h ich th e  e le c t r o n -  
m ic ro sco p ic  appearance o f  n o n -a lk y la te d ,  c o lla g e n a se  t r e a te d  m icro­
f i b r i l l a r  m a te r ia l  was examined in d ic a te d  th a .tth e  p re p a ra t io n  was 
con tam ina ted  by a s u b s t a n t i a l  amount of v e ry  f i n e l y  d iv id e d  e l a s t in .
In  o rd e r t o  remove any such co n tam in an t, th e  washed a lk y la te d  m a te r ia l














P re p a ra t io n  P rocedure  f o r  S-C arboxym ethyl'. 
M ic r o F ib r i l la r  component.
F in e ly  m i l le d ,  d e f a t te d  bov ine ligam en tum  nuchae
, 1% NaCl, 24h, 4” C 
5M g u an id in e  -  O.IM TRIS pH ?.4 , 6 x  24H, 4^0 
5M g u an id in e  -  O.IM TRIS pH ?.4 , 0.4% EDTA,
50 mM DTT, 48b , 3?°C 
C e n t r i f u g a t io n , 23000 g
S u p e rn a ta n t  carboyym e thy la ted  u s in g  I  CHpCOOH 
D ia ly s is  a g a in s t  H^O, 4 0
A d d itio n  o f e th a n o l ,  c o l le c t io n  o f p r e c i p i t a t e  
R es idue t r e a te d  (2x ) w ith  p u r i f i e d  c o lla g e n a se  
Washed re s id u e  d is s o lv e d  in  5M g u an id in e  
h y d ro c h lo r id e  ( pH ?.4)
High speed c e n t r i f u g a t io n  (50 000 rpm) 231.
D ia ly s is  a g a in s t  H2O, 4*0
P r e c ip i t a t e  c o l le c t e d ,  washed and d r ie d .
S -  Carboxym ethyl M ic r o f i b r i l l a r  component.
86.
and a i r - d r i e d .
CHEMICAL ANALYSES
a ) .  Amino a c id  A nalyses
Samples w ere h y d ro ly sed  and amino a c id s  su b se q u e n tly  i d e n t i f i e d  
and q u a n t i ta te d  as d e s c r ib e d  in  S e c tio n  A.
H ydroxypro line was e s tim a te d  in d e p e n d e n tly  by a c o lo r im e tr ic  
p ro ced u re  (63 ).
Tryp tophan was a ssay ed  by th e  m o d ified  p ro ced u re  of O p ienska- 
B lau th  e t  a l ,  a te c h n iq u e  based  on th e  c o lo u r  r e a c t io n  o b ta in e d  w lth  
g ly o x y l ic  a c id  and th e  in d o le  r in g  ( I I 3 ) .  A s o lu t io n  of D,L -  
Tryp tophan (Sigma (London) Chem ical C o ., L td .)  o f known c o n c e n t r a t io n
w a s /
I
ÎIwas d is s o lv e d  i n  5M g u an id in e  h y d ro c h lo r id e  -  O.IM T r is  (pH 7«4) f
and th b  s o lu t io n  s u b je c te d  to  h ig h  speed c e n t r i f u g a t io n  (240 000 x  g) 
f o r  2 h r s ,  a f t e r  w hich a  p e r f e c t ly  c l e a r  s u p e rn a ta n t  was o b ta in e d .
The S -  carboxym ethyl m i c r o f i b r i l l a r  component was reco v e re d  a f t e r  
d ia ly s i s  o f the s o lu t io n  a g a in s t  H^O, when a p r e c i p i t a t e  formed
w hich was e a s i l y  c o l le c te d  by low speed  c e n t r i f u g a t io n  a f t e r  th e
' ua d d i t io n  o f t l i r e e  volumes o f e th a n o l.  The r e s id u e  was d eh y d ra ted
;:lî
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was used  as a s ta n d a rd ,
b ) .  Hexos amine i-s b imation
A liq u o ts  (5 mg) of th e  pro te in  w ere h y d ro ly sed  in  fN HCl 
under n i t ro g e n  f o r  8 h rs  a t  llO^C» The t o t a l  hexosam ine c o n te n t  
was e s t im a te d  by th e  method o f C essi and P i l ie g o  (64)»
Hexosam ine analysis was a l s o  perform ed by th e  gas chrom a to­
g rap h ic  p ro ced u re  of Stim son ( I I 4 ) .  A liq u o ts  of p r o te in  w ere 
h y d ro ly sed  as above and hexosam ine h y d ro c h lo r id e s  tr im cth ylsily la ted  
u s in g  b is  ( t r l m e th y l s i l y l )  t r i f lu o ro a c e ta m id e  (Sigma (London) Chem ical 
C o ., L t d . , )  in  dimethylacetamide (B.D.H.), R eference s ta n d a rd s  w ere 
p re p a re d  by th e  d e r iv a t iz a to n  of D -glucosam ine h y d ro c h lo r id e  and D- 
g a lac to sam in e  h y d ro c h lo r id e  (Sigma (London) Chem ical C o ., L t d . ) .  
Phenan th rene (B.D.H.) was in c lu d e d  as an i n t e r n a l  standard.
c ) .  E s t im a tio n  of N e u tra l  Sugars
N e u tra l su g a r was e s t im a te d  c o lo r im e t r ic a l ly  by th e  en th ro n e  
p ro ced u re  (68) a f t e r  r e s in  h y d ro ly s is  o f th e  p ro te in  as d e s c r ib e d  in  
S e c tio n  A,
d) E s tim a tio n  o f  S ia l i c  A cids.
The t h io b a r b i t u r i c  acid p ro ced u re  of Warren (115) was used  to  
a ssa y  s i a l i c  a c id s  in  th e  S -  carboxymethyl m i c r o f i b r i l l a r  p re p a ra t io n ,
T h is /
JI
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Th is method in v o lv e s  th e  o x id a tio n  o f s i a l i c  a c id s  w ith  p e r io d a te  in 
s t ro n g  a c id  s o lu t io n ,  and th e  r e a c t io n  of th e  o x id a tio n  p ro d u c t w ith  
2 -  t h i o b a r b i t u r i c  a c id  to  y ie ld  a re d  chromophore w hich i s  e x tra c te d  
from  th e  r e a c t io n  m kc ture w ith  cy clohexanone . As th e  a ssa y  m easures 
on ly  f r e e  s i a l i c  a c id s  i t  i s  n e c e s s a ry  th a t  the p r o te in  be h e a te d  a t  
80bG f o r  1 h r  in  O.IN a p ro ced u re  known t o  r e le a s e  bound
s i a l i c  a c id s  w i th o u t d e g ra d a tio n  (116 , 117 )»
An a l iq u o t  of th e  p r o t e i n  s u f f i c i e n t l y  l a r g e  to  allow  th e  
d e te c t io n  o f 1 re s id u e  of s i a l i c  a c id  p e r  1000 amino a c id  re s id u e s
was hydro ly sed  in  HpSO, and s u b je c te d  to th e  a ssa y  p ro c e d u re .— 4
A s o lu t io n  o f  N -  a c e ty ln e u ra m in ic  a c id  (Sigma (London) Chem ical 
C o ., L t d . , )  o f known c o n c e n t r a t io n  was used to p re p a re  a re fe re n c e  
c u rv e .
e)o Amino end-group D e te rm in a tio n
The N -  te rm in a l  p x f i l e  o f th e  S -  carboxym ethyl m i c r o f i b r i l l a r  
component was determ ined  by th e  2 -  c h io ro  -  3 ,5  -  d in i t r o p y r id in e  
m ethod, u s in g  the  same e x p e r im e n ta l  te ch n iq u e  as f o r  e l a s t i n ,  w i th  
th e  ex c e p tio n  t h a t  10 mg r a th e r  than  100 mg a l iq u o ts  o f the  p r o te in  




A n a ly t ic  a l  D l t r a c e a t r i  on
IThe m o le c u la r  w e ig h t o f th e  S -carboxym ethy l m i c r o f i b r i l l a r  "%
component was determ ined  by m en iscus d e p le t io n  se d im e n ta tio n  
e q u ilib r iu m  a n a ly s is  (1 1 8 ). The in s tru m e n t  u sed  was a Spineo 
Model E a n a l y t i c a l  u l t r a c e n t r i f u g e  (Beckman),
S u ita b le  a l iq u o ts  o f the p re p a ra t io n  w ere d is s o lv e d  in  $M 
g u an id in e  h y d ro c h lo r id e  (6.?) -  O.IM T r is  (pH Y .f) and d ia ly s e d
e x h a u s t iv e ly  a t  a g a in s t  s e v e r a l  changes o f th e  same b u f f e r .  The 
d e n s i ty  o f th e  b u f f e r  s o lu t io n  was determ ined  by p icn o m e try .
The c o n d itio n s  f o r  c e n t r i f u g a t io n  w ere :
Tem perature ~ 20.4°C
Speed — 39460 rp™
C e ll  -  12 mm, w ith  double s e c to r
c e n t r e p ie c e  (two 2 .5 °  s e c to r s )  
O p t ic a l sys tem  -  R ay le igh  in te r f e r e n c e  o p t ic s
F r in g e  d isp la cem e n ts  were m easured by means of a t r a v e l l i n g  
m icroscope (P ro je c to rsc o p e , PG L t d . ) ,  re a d in g s  b e in g  ta k e n  a t  200 
m icron i n t e r v a l s ,  commencing a t  th e  m en iscu s , a long  th e  X -  s c a le ,  
u n t i l  a d e f le c t io n  o f more th a n  10 m icrons o ccu rred  on th e  Y -  s c a le  
between c o n se c u tiv e  r e a d in g s ,  w h ich w ere then  made a t  100 m icron 
in tervaT-s a long  th e  X -  s c a le .
The p a r t i a l  s p e c i f i c  volume of th e  p r o te in  vias c a lc u la te d  from
i t s /
I
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i t s  am ino a c id  co m p o s itio n .
The prograiane o f Y phan tis and Roark (119) was u t i l i s e d  in  









The m i c r o f i b r i l l a r  component"wan is o la t e d  from  bov ine 4
'gligamentujm nuchae as th e  S ~ carboxym ethyl d e r iv a t iv e  w ith  a y ie ld
o f 0 .5 ^  r e l a t i v e  to  th e  d e f a t t e d ,  d ry  lig a m e n t .
1
CHEMICAL ANALYSES
a ) .  Amino Acid A nalys is
T able 21 r e p o r ts  th e  amino a c id  com pos ition  o f th e  S ~ carbox^r- 
m ethy l m i c r o f i b r i l l a r  component as is o la t e d  from m a ture bov ine lig a m e n t -  
um nuchae (column a ) .  Columns b and £  o f th e  same ta b le  p re s e n t  
th e  two s e ts  o f c o m p o s i tio n a l d a ta  a.s determ ined  by Ross and B o rn s te in  
(22 , n o )  f o r  s im i la r  p re p a ra t io n s  is o la t e d  from  f o e t a l  bov ine  §
ligem en tum  nuchae . The com e n b ra t io n s  o f  S -  carboocjm iethyl c y s te in e ,
S -  -  am inoe thy l c y s t e in e ,  c y s te in e  and c y s te ic  a c id  a re  t o t a l l e d
under th e  head ing  h a l f - c y s t in e .
Table 21 The Amino Acid com pos ition  of th e  M ic r o f i b r i l l a r  
Component. (V alues a re  ex p re ssed  as r e s i d u e s /  
1000 Amino Acid re s id u e s  and have been c o r re c te d  
f o r  h y d ro ly t ic  lo s s e s )
,-ï
.  a b (22 ) £  (no)
Hydr oxypr o l in e 0 .0 n .d .
A sp a r t ic  Acid 107.6 114.0 127.0
T hreon ine 55.2 55.1 6 5 .0
S e r in e 63. a 58.9 77.5
G lutam ic Acid 1 0 6 .1 111.0 . 136.0
P ro l in e 56.2 • 70.4 60.5
G lycine 74,4 120.0 106.0
A lan ine 6 1 .7 58.9 63.0
J  C y s tin e 31.7 60.3 24.8
V aline 51.3 54.1 6O.5
M ethion ine 19 .8 15 .8 13.5
Is o le u c in e 40.9 45.2 51.6
Leucine 86.3 57.2 74.2
Tyros in e 3 2 .4 3Pi.p 3 3 .7
P h e n y la lan in e 3 8 .9  ' 32.1 3 9 .3
Lys in e 8 4 .7 3 6 .9 3 9 .3
H is t id in e 1 5 .0 1 4 .2 1 0 .2
A rg in in e 68.9 45.2 54 .0
Tryp tophan 4 .9 n .d . 2 4 .8
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b) H exosajn ine, Hexose and S i a l i c  Acid A nalyses
N e ith e r  c o lo r im e t r ic  a n a ly s is  by the  p ro ced u re  o f C e ss i 
and P i l ie g o  n o r  gas chrom a tograph ic  a n a ly s is  re v e a le d  th e  p re sen ce  
o f  hexosam ine i n  th e  S -  carboxyraethyl m i c r o f i b r i l l a r  p r e p a ra t io n .
N e u tra l hexose was n o t  d e te c te d  in  th e  p re p a ra t io n  upon 
a n a ly s is  o f re s in .h y d ro ly sa te s  by th e  en th ro n e  m ethod.
S ia l i c  a c id s  w ere absen t from  th e  p re p a ra t io n  as in d ic a te d  by 
th e  t h i o b a r b i t u r i c  a c id  a s sa y  p ro c e d u re .
93.
c )• Amin o End -g r  oup De te  rmi n a b i .en
One emino a c id  o n ly , nam ely g ly c in e , was d e te c te d  as an N -  
te rm in a l re s id u e  in  th e  S -  carboxym ethyl m i c r o f i b r i l l a r  component by  
th e  c H o ro d in i t ro p y r ld in e  method of end-group a n a ly s i s .  N -  te rm in a l 
g ly c in e  was p re s e n t  a t  a  c o n c e n t r a t io n  o f 65*9 moles p e r  lO^g o f  
p r o te in  a f t e r  c o r r e c t io n  f o r  re g e n e ra tio n  lo s s e s  (? 0 ) .  Th is re p r e s e n ts  
a  minimum v a lu e  as no a llow ance  has been made f o r  th e  lo s s  o f 
d in i t r o p y r id y l  p r o te in  o r am ino a c id  d u r in g  th e  v a r io u s  e x t r a c t io n  
s ta g e s  of th e  p ro c e d u re , and co rrespond s  to  a m o le c u la r  w e ig h t of 
15 ,170  d a l to n s .
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Analyt.i c a l  U t r a c  e n t r i  fu g a tio n
The m o lecu la r w e ig h t d a ta  d e r iv e d  from th e  a n a l y t i c a l  
u l t r a c e n t r i f u g a t i o n  of two s o lu t io n s  o f  th e  S -  carboxjm iethyl 
m i c r o f i b r i l l a r  component in  5M guan id in ium  h y d ro c h lo r id e  -  O.IM 
T r is  (pH 7 . 4 ) a re  p re s e n te d  in  T ab le 22 below .
T able 22. M o lecu lar w e ig h t v a lu e s  f o r  th e  S -  carboxyraethy l 
m i c r o f i b r i l l a r  component.
S o lu tio n I S o lu tio n  I I
1 ( ~  0 .7  mg/ml) ( -  0 .3 mg/ml)
M - w 1 15 647 j. 239 14040 + 156
M - !z 19I 6I £  94 15708 +_ 136
M - z + 1 30361 + 9 9 4 ' 25699 1  712
M - Y2 12167 + 328 13011 + 297
M - Y3 12768 1  45 11431 1  45
M - Y$ 11979 + 425 13639 + 436
M - Y8 12746 1  39 11275 + 92
C o n cen tra tio n s  w ere e s tim a te d  by fr in g e  c o u n ts . The c o n c e n tr ­
a t io n  o f s o lu t io n  I I  was th e  minimum fo r  w h ich i t  was p o s s i b le  to  
o b ta in  s u f f i c i e n t  f r in g e  d isp la cem e n t m easurem en ts.
The M -  Y v a lu e s  in  T ab le 22 r e p re s e n t  i d e a l  m o lecu la r w e ig h t 
v a lu e s  to  w h ich v a r io u s  c o r r e c t io n  f a c to r s  have been a p p l ie d .  The
M -  Y8/
M -  Y8 vaT-ue s u p p lie s  th e  m ost r e a l i s t i c  e s t im a te  of m o lecu la r 
w e ig h t, hav ing  been c o r re c te d  f o r  th e  e f f e c ts  o f c o n c e n t r a t io n  and 
n o n - id e a l i ty  in  th e  sys tem .
DISCUSSION
96. 1
In  t h i s  s tu d y  the m i c r o f i b r i l l a r  com ponen t, p re s e n t  as a 
la y e r  of tu b u la r  m ic r o f i b r i l s  su rro u n d in g  the co re  of e l a s t i c  f ib r e s  
(105 “ 1 1 2 ), was i s o l a t e d  from m a tu re  bov ine ligam en tum  nuchae in  
a  manner s im i la r  to  t h a t  d e s c r ib e d  by Ross and B o rn s te in  fo r. f o e t a l  
lig am en t (2 2 ). The two i s o l a t e d  p rocedu res  d id ,  how ever, d i f f e r  w ith  
r e s p e c t  to  th e  sequence o f th e  v a r io u s  p u r i f i c a t i o n  s ta g e s .  In  th e  
p r e s e n t  in v e s t ig a t io n  th e  m i c r o f i b r i l l a r  component was is o la t e d  from 
ligam en tum  nuchae p re v io u s ly  e x t ra c te d  w ith  5M g u a n id in e , and 
co n tam in a tin g  c o l la g e n  th en  removed by th é  u se of c o lla g e n a se  p u r i f i e d  
by a f f i n i t y  chrom a tography. Ross and B o rn s te in , on th e  o th e r  hand , 
is o la t e d  the  m i c r o f i b r i l l a r  component from  guan id in e  e x t r a c te d ,  
c o lla g e n a se  t r e a te d  ligam en tum  nuchae. In  bo th  ca se s  th e  component 
was s o lu b i l i s e d  by th e  re d u c t io n  of d is u lp h id e  bond s , re fo rm a t io n  
o f  the se  bonds b e in g  p re v e n te d  by th e  ca rb o x y m e th y la tio n  o f the t h i o l  
g roup s .
In  term  f o e t a l  ligam en tum  nuchae the m ic r o f ib r i l s  w ere found 
to  r e p r e s e n t  ap p ro x im a te ly  5 -  10^ of th e  d ry  w e ig h t of th e  e l a s t i c  
f i b r e s  (2 2 ) , in  marked c o n t r a s t  to  the v a lu e  o f  0 .? ^  re p o r te d  in  th e  
p r e s e n t  in v e s t ig a t io n  f o r  m a tu re  lig a m e n t  (assum ing the . e l a s t i c  
f i b r e s  to  be p r e s e n t  a t  a  c o n c e n t r a t io n  of ap p ro x im a te ly  70^  of th e  
d ry  weight of d e f a t te d  lig a m e n t  ( l ) ) .  This d isc re p a n c y  may r e f le c t  
th e  h ig h e r  c o n te n t  of th e  m i c r o f i b r i l l a r  component in  f o e t a l  lig a m e n t ,  
th e  m ic r o f ib r i l s  b e in g  the  f i r s t  s t r u c tu r e s  to  ap p ea r in  the
morph ogen es i  s /
I
m orphogenesis o f  e l a s t i c  f i b r e s  (106 -  109, 111 , 1 1 2 ). However, 
ow ing to  th e  r a th e r  low m o le c u la r  w e ig h t of th e  S -  carboxym ethyl 
m i c r o f i b r i l l a r  component (ap p ro x im a te ly  12 000 dal to n s )  m a te r ia l  
may have been l o s t  d u rin g  th e  p e r io d s  of d ia ly s i s  in v o lv ed  in  the 
p re s e n t  i s o l a t i o n  schem e, s in c e  s ta n d a rd ,  r a th e r  th a n  a c e ty la te d .
V isk ing  tu b in g  was used  (120 ).
The amino a c i d  com pos itions of th e  two p re p a ra t io n s  (Table 
21, columns a and b ) a re  m arkedly  d i f f e r e n t ,  t h a t  of Ross and B o rn s te in  
T able 21 , column b ) e x h ib i t in g  a much h ig h e r  c o n te n t  of g ly c in e ,  
p r o l in e ,  and h a l f - c y s t i n e  and a low er c o n te n t  o f  l y s in e  and a r g in in e .
In  a l a t e r  in v e s t i g a t io n ,  Ross and B o rn s te in  p u b lish e d  a r a th e r  
d i f f e r e n t  amino a c id  co m pos ition  fo r  th e  m a te r ia l  (Table 21, column
c )  show ing a  reduced  c o n te n t  o f  p r o l in e ,  g ly c in e  and h a l f - c y s t in e  
(1 1 0 ). A lthough r a th e r  more s im i la r  to  th e  amino ac id  co m p o s itio n  
re p o r te d  in  the p r e s e n t  s tu d y  th e re  a re  s u b s t a n t i a l  d i f f e r e n c e s ,  
p a r t i c u l a r l y  w ith  r e s p e c t  to  ly s in e  and g ly c in e . The p re p a ra t io n s  
a ls o  d i f f e r  w ith  re g a rd  to  t h e i r  c a rb o h y d ra te  c o n te n ts .  N either 
hexos e n o r hexos am ine w ere d e te c te d  in  the  p r e s e n t  c a s e , id i i le  th e  
p re p a ra t io n  i s o l a t e d  by Ross and B o rn s te in  c o n ta in e d  be-t>/een 4~7^ 
by w e ig h t o f  hexos e and ap p ro x im a te ly  0.7% hexos ami ne ( l lO ) ,
The p u r i ty  of th e  S -  carboxym ethyl m i c r o f i b r i l l a r  p re p a ra ­
t i o n  i s o la t e d  i n  th i s  s tu d y  i s  e v id e n t  from the p re sen ce  of on ly  one
am ino/
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amino a c id  as N -  t e m i n a l  re s id u e ,  nam ely g ly c in e .  The c o n c e n tra tio n  
o f N -  te rm in a l g ly c in e ,  co rre sp o n d in g  to  a m o lecu la r w e ig h t of 
ap p ro x im a te ly  15 000 d a l to n s ,  i s  in  good agreem en t w ith  th e  r e s u l t s  
o f  a n a ly t i c a l  u l t r a c e n t r i f u g a t i o n  which in d ic a te d  a v a lu e  o f  betw een 
14 000 and 15600 d a l to n s  as th e  w e ig h t av erag e  m o lecu la r w e ig h t of th e  
a lk y la te d  m i c r o f i b r i l l a r  com pona it. However, i t  m ust be m en tioned  
t h a t  when c o r re c t io n s  w ere made f o r  die e f f e c t s  of n o n - id e a l i ty  and 
c o n c e n t r a t io n  a r a t h e r  lo w e r e s t im a te  of m o lecu la r  w e ig h t was o b ta in e d  
-  ap p ro x im a te ly  12 000 d a l to n s , On th e  o th e r  hand the  m o lecu la r  
w e ig h t as a s s e s se d  from  am ino end group d e te rm in a tio n s  re p re s e n ts  a 
maximum v a lu e , no allow aa ice hav ing  been made f o r  th e  p o s s ib le  lo s s  of 
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